Public Comments Received on 2008 Draft 303(d) List

On February 23, 2008, the New Hampshire Department of Environmental Services (DES)
released the draft Section 303(d) List of impaired waters for public comment. Downloadable
copies of the draft list were made available on the DES website for review (
www.des.state.nh.us/wmb/swqa/).

The public comment period ended on March 23, 2008. The following represents the full text of
the public comments received during this period.

Two sets of comments were submitted in response to the departments February 23, 2008
1. Donna Hanscom, Assistant Public Works Director/Laboratory Manager, City of
Keene, New Hampshire (pages 2-6)

2. Thomas F. Irwin, Senior Attorney, Conservation Law Foundation (pages 7-110)

The comments, as submitted, are provided below.


http://www.des.state.nh.us/wmb/swqa/

City of Keene, New Hampshire

From; Dionna Hanscom [dhanscomi@ci, keene.nh, us] Sent: Fri3f21/2008 1:34 PM
To: 303d Comment
e Eric Swope; Comstock, Grega; Foss, Margaret; John Gall
Subject;  Assessment unit MHRINGOZ010301-11
Attachments:  |po data.msg; | RE Supplemental information needed For data you provided to DES.msg
Een

2

I hawve attached the email that T sent to Gregg Comstock back i January 2008 -- the associated
T and data were submitted to Peg Foss later that month (also attached). "We did not recerve any
feedback on the subtmission, and request that this information be considered duning the comment
pered of the 203D list to remove AT WMHETWVE02010301-11 from the impared kst This
spreadsheet contains support for the attainment of the above referenced river section for dissolved
oxygen. speciically, it shows that in the summer of 2007, duning a river flow comparable to the
river flow at the tme of DES's non-attamment data collection, the DO met dizsolved oxygen water
quality critenia. It also demonstrates a lower total phosphorus concentration in the niver. The cause
of the lower phosphotus concentration is presumably the lower concentration of phosphotus
discharged by the Eeene WWIF -- data on file with DES and EP A as part of the DIME. reporting
process and NEPDES permitting process.

Thiz data 1z directly relevant to reversing the non-attaimment label for this niver section, especially as
it 1z described as category 5-I -- marginal impairment as described m the CATRL

Agsociated QO 15 mcluded. The data was collected using Hydrolab equipment by Enc Swope,
Industrial Pretreatnent Coordmmator for the City of Eeene.

If vou need addibional mformation, please contact me.

Donna

Donna Hanscom

Azsiztant Public Worles DirectonLaboratory hanager
City of Eeene, New Hampshire

FPhone: €03-357-9836, extension 6501

Fax: G03-357-9854




Fromm; Donna Hanscom [dhanscom@ci, keene. nb.us] Sent; Tue 1/Z2/2008 10522 AM
Ta: Caomstock, Greag

o Eric Swope

Subject: DO data

Attachments:  3878-30-07 summary to DES.xls (48 KE)

Hi Gregg,

Attached 15 the Ashuelot BEiver DO data from Auvgust 30, 2007, T've also mcluded the upstream
DO for the same day, and the WWIT data vou requested on separate worlcsheets. We didn't
have WWTE total P for that day, but L included the data for a couple days later and two weeks
before showing a pretty consistent 1 mg'l. I'll see wou later today, let me know if vou need
additional mformation to consider this for the 303 list compidation. You can also contact Enc
swope (357-9836, ext 65040 with questions, he was the one who deployved the hydrolabs. The
file T zent yvou in Movemnber was called "8-28-07 summaty to DES" -- but the data was really from
2-30, it's the same downstreamn data that's contamed n this one.

Donna
<«8-30-07 surmmary to DES. xls=>




From: Dionna Hanscom [dhanscomi@e.keene. nh. us] Sent; Thu 1)31/2008 1:14 PM

To:

Eric Swope

o

Sl

bject: RE: Supplemental information needed For data wou provided to DES

From: Eric Swope —‘J
Sent: Thursday, January 31, 2008 10:10 A

To: 'Foss, Margaret'

Cc: Donna Hanscom; Aaran Costa

Subject: RE: Supplemental information needed for data vou provided to DES

Hella Peq,

[ think | have answered all of your guestionsfconcerns with the attached info and the comments below.
Please send an email or give a call to verify that you have received this.

1. The "Keene WWWTP data” referenced in your first question is data collected form the WAWWTP's
effluent.

2. Total Phosphorus analysis was completed by Eastern Analytical, Inc. (EAI using Method 365.3. [:‘;
EaAl's S0P, results, and QAMIC information are attached. cBOD results are an average between results
obtained by Keene City Lab and EAl using Method 5210B. Results, QAT information, and KCL

Method SOF is attached. Ammonia results

3. The continuous DO information was collected using the City of Keene's Hydralab Mini-Sondes,

series 4a. The "upstream” probe was deployed approximately 150" upstream of the Keene YWWATF

outfall. The "downstream " probe was deployed approximately 150" downstream of the YWWWTP outfall.
Downstream deployments later in the summer and fall were several hundred feet further downstream,
approximately 150" upstream of the South Branch outfall into the Ashuelot. Both meters were set to

collect DO readings every 30 minutes. Sensor warm-upset for 2 minutes and circulator warm-up set for

1 minute. The KCL field DO Meter was also calibrated (SOP and DO Calibration Log Sheet are b
attached), and readings of DIl water in a bucket at KCL were compared for accuracy both pre- and post-
deployment (results are in the DO data spreadshest submitted to NHDES).

4. | think this was answered in the above section.

Flease contact me with any questions or if you need any additional informatian.
Thank you,
Eric

Eric Swope
Industrial Pretreatment Coordinator

Mailing Address:

keene WWastewater Treatment Plant
350 Marlboro Street

kKeene, NH 03431

Physical Address:

Keene Wastewater Treatment Plant
420 Airport Road

Swanzey, NH 03446

Phone: (B03) 257-9836, ext. 6504

Fax: (503 3579854



Lag File Mame : ARUPOS2007
Setup Duate [(MMODY : 053007
| Setup Time [HHMMSS] : 141654
I Deployed in river about 150° upstream of W' TF cutfall on 8030/07 at about 15:26.
| remowed From river on S13H0T at about 13:30
QT comparison with City lab meter Y5152
FPre-Oeployment Foszt-Oeployment
| YSI-52 Mini-sonde #2 E1-B2 Mini-sonde #2
T.E .4 mafl A 7.1 mafl
» sat 92 g2 % sat
| Dlate Time IE:att Cire: IE:att Temp oo
[ FARIDD Y| HHIMSS Wolts Status *Left =1 Sat
Farameter setup or calibration changed at 033007 142022
| 23007 153000 A1 1 A5 22.93
23007 160000 B3 1 B2 230
g3007 163000 0.3 1 B2 23.08
| 23007 1r0oa0 5.3 1 B2 23.06
I 3007 1r3000 0.3 1 B2 2302
[ 23007 10000 5.3 1 EZ 2.8z
23007 183000 B3 1 B2 228
3007 130000 0.3 1 B2 2269
23007 1593000 B3 1 B2 2261
23007 200000 0.3 1 Bz 22.81
aa0or 203000 0.3 1 B2 2246
| 23007 210000 B3 1 B2 224
I g3007 213000 5.3 1 it} 22,35
[ 23007 2z000o0 5.3 1 EZ 223
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a3or 000 0.3 1 58 22
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| 2307 BO000 A2 1 s} 2153
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a3or oooo 5.2 1 58 214
| 2307 3000 b2 1 13} 214
3107 ao000 a1 1 bt} 2ldz
3107 23000 g2 1 [t} 214
| 2307 A0000 A2 1 13} 2143
I 3107 33000 5.2 1 a8 2148
[ 3107 100000 A2 1 it} 2153
3107 103000 A2 1 it} 2187
a3or L] 5.2 1 58 2164
| 2307 13000 A1 1 it} 2.re
3107 120000 a2 1 bt} 2196
3107 123000 A1 1 [t} 22z
207 130000 A2 1 13} 22.28

j Fecowery finished at 083107 151655
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|Log File Mame : ARDOWM022007

[ Setup Date [MRDDYY] : 03007

| Setup Time [HHMMSS) : 135454 |

| Deployed in river about 160" downstream of %W TR cutfall on 21230007 at about 15:25. Same location as usedin ||

July far kemp readings.

| Femoved from river on 803007 at about 13:40.

| C: comparison witk City lab meter 5152

| Pre-Deployment Fost-deployment

|"s162 Flini-sonde # 3 f51-62 Mini-sonde # 3

T.E 7.5 mafl T4 7.1 mafl
! a7 258 M =at
| Date Time IEatt Cire: IE att Temp Do Do
MMOOYY  HHMMSS  Wolts Status HLeft al Sat mgfl

|Farameter setup or calibration changed at 082007 145251 |

] SSIJI:I?I 1EIZIIIIIZIIZI.| ] 1 B2 ] 293 773
3007 163000 5.2 1 B2 22.84 an e
3007 170000 5.3 1 B2 2286 401 f=ll
83007 173000 5.3 1 58 22.85 29.8 TE
ga007 180000 53 1 B2 228 2485 75
ga007 183000 5.2 1 k] 22TE a7 T.E8

I 3007 180000 5.2 i jit:] 2266 284 72|

1 ga007 193000 52 1 ili] 228 882 TET|

| 3007 200000 5.2 1 jili] 2244 264 752
3007 203000 5.2 1 it] 2237 86.2 e2))
3007 210000 5.2 1 it} 2224 247 T4
83007 213000 5.2 1 55 22.23 346 A
ga007 220000 5.2 1 it] 2218 833 73
ga007 223000 h.1 1 ili] 2215 823 7.1

I 3007 230000 5.1 i il 2N 228 .23

1 ga007 233000 52 1 ili] 22.06 221 721

| 23107 1] .1 1 ha 22 25 G
23107 3000 5.1 1 il 21.94 216 EALH
23107 10000 a1 1 Lili] 21.88 a0 F.05)
23107 13000 5.2 1 58 21.83 78.4 704
23107 20000 5.1 1 ] 21.76 T84 EAT|
23107 23000 a1 1 1 2172 Ta.2 EA1

I 23107 30000 5.1 i il 2167 74 £.02|

1 23107 33000 A 1 ili] 21.58 TE.4 E.81
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23107 S} 5 1 it 2139 764 £.83]
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I 23107 F0000 5.1 i il 2133 761 BT
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| 23107 20000 .1 1 51 21.29 5.4 ET2
23107 23000 5.1 1 il 21.28 75.4 ET2|
23107 30000 a1 1 1 21.25 47 B.BE |
23107 33000 5.1 1 55 2127 75.1 EE3 |
23107 100000 5 1 1 21.34 773 £.88)
23107 103000 A 1 a1 21.38 Ta £.94

I 23107 10000 5 i 51 21.45 78.2 7.0

1 23107 113000 A1 1 ili] 2153 20.3 T2

| 23107 120000 3 1 51 2173 249 7.2
23107 123000 5.1 1 51 214 244 AL
23107 130000 a1 1 1 2207 858 783

! 23107 133000 5.1 1 55 22.23 av.z 7RI

| Power lass from 022107 126755 to 022107 126808 Remowed sonde at about 12:40

|Late prabe turn on at 053107 135306




CONSERVATION LAW FOUNDATION
March 24, 2008

Hand-Delivered

Mr. Ken Edwardson '

2008, 303(d) Comments

N.H. Department of Environmental Services MAR 24 2008
Watershed Management Bureau

29 Hazen Drive, P.O. Box 95

Concord, NH 03302-0095

Via U.S. Mail

Mr. Alfred Basile ,

New Hampshire TMDL Coordinator

Water Quality Branch (CWQ)

U.S. Environmental Protection Agency, Region 1

One Congress Street
Boston, MA 02114-2023

Re: Comments on State of New Hampshire Draft 2008 Section 303(d) List
Dear Messrs. Edwardson and Basile:
Please find enclosed the Conservation Law Foundation’s comments on the State’s
Draft Section 303(d) List. Please note that I am submitting these comments in
accordance with my March 18 conversation with Mr. Edwardson, at which time I was
advised that because the publicized deadline of March 23, 2008 is a Sunday, comments
. can be submitted by close-of-business on March 24, 2008.

Should you have any questions, please do not hesitate to contact me.

Very truly yours,

oy 7

Thomas F. Irwin -
Senior Attorney

cc: M. Steve Silva, Chief, Water Quality Branch, EPA New England
Encls.: Comments on State’s Draft Section 303(d) List and appended Attachments
A through H. '

27 North Main Street, Concord, New Hampshire 03301-4930 * Phone 603-225-3060 * Fax 603-225-3059 « www.clf.org

MAINE: 14 Maine Street, Suite 200, Brunswick, Maine 04011-2026 - Phone 207-729-7733 » Fax 207-729-7373

MASSACHUSETTS: 62 Summer Street, Boston, Massachusetts 02110-1016 » Phone 617-350-0990 - Fax 617-350-4030

RHODE ISLAND: 55 Dorrance Street, Providence, Rhode Island 02903-2221 * Phone 401-351-1102 « Fax 401-351-1130 .
VERMONT: 15 East State Street, Suite 4, Montpelier, Vermont 056023010 * Phone 802-223-5992 » Fax 802-223-0060 PRINTED ON RECYCLED PAPER 8




Comments of the Conservation Law Foundation
Subn;itted To
New Hampshire Department of Environmental Services
and
U.S. Environmental Protection Agency, Region I
Regarding

State of New Hampshire Draft 2008 Section 303(d) Surface' Water Quality List
NHDES-R-WD-08-3 (February 2008)

The Conservation Law Foundation (“CLF”) appreciates the opportunity to

provide these comments on the State of New Hampshire Draft 2008 Section 303(d)
Surface Water Quality List (“Draft 303(d) List” or “Draft List”). CLF is a member-
supported advocacy organization that works to solve the environmental problems facing
communities and natural resources in New Hampshire and throughout New England.
CLF and its members have a strong interest in maintaining the health of New

- Hampshire’s water resources. CLF has engaged in concerted, ongoing efforts to address
and reduce existing threats and water quality problems facing New Hampshire’s Great
Bay estuary. We submit the following comments:

L Legal Overview - ;

Section 303 (d) of the Clean Water Act and EPA’s “Water Quality Planning and
Management” regulations require that the State of New Hampshire (“State™), like all
states, identify all waters for which technology-based effluent limitations and other
pollution control requirements are insufficient to implement water quality standards. 33
U.S.C. § 1313(d)(1); 40 CFR § 130.7(b). For purposes of identifying such water quality
limited segments for Section 303(d) listing, the State must determine whether waters are
violating, or are expected to violate, state water quality standards (1 e., whether waters are
impaired or threatened). 40 CFR § 130.7(b)(3); 40 CFR § 130. 20). In considering its
water quality standards, the State must consider narrative, in addition to numeric, water
quality criteria. 40 CFR § 130.7(b)(3). Thus, the State must, as a matter of law, -
determine whether waters are either violating, or are expected to violate, its narrative
water quality standard govermng “Biological and Aquatic Community Integrity,” which
states: :

! The term “water quality limited segment” is defined as: “Any segment where it is known that water
quality does not meet applicable water quality standards, and/or is not expected to mest applicable water
quality standards, even after the application of the technology-based effluent limitations required by
sections 301(b) of the [Clean Water] Act.” 40 CFR 130.2(j).




(a) The surface waters shall support and maintain a balanced, integrated,
and adaptive community of organisms having a species composition, diversity,
and functional organization comparable to that of similar natural habitats of a
region.

(b) Differences from naturally occurring conditions shall be limited to
non-detrimental differences in community structure and function.

Env-Ws 1703.19 (“BACI narrative standard”). The State also must determine whether
waters are violating, or are expected to violate, narrative water quality standards
pertaining to nutrients, including but not limited to Env-Ws 1703.14(b), which states:
“Class B waters shall contain no phosphorous or nitrogen in such concentrations that
would impair any existing or designated uses, unless naturally occurring.”

In developing its Section 303(d) list, the State has an affirmative duty to
“assemble and evaluate all existing and readily available water quality-related data and
information.” 40 CFR § 130.7(b)(5). Such data and information specifically includes,
without limitation, data and information about “[w]aters for which water quality
problems have been reported by local, state, or federal agencies; members of the public;
or academic institutions.” 40 CFR § 130.7(b)(5)(iii). EPA’s regulations impose an
affirmative obligation on the State to obtain such data and information, stating:

These organizations and groups [i.e., agencies, members of the public, and
academic institutions] should be actively solicited for research they may be
conducting or reporting. For example, university researchers, the United States
Department of Agriculture, the National Oceanic and Atmospheric
Administration, the United States Geological Survey, and the United States Fish
and Wildlife Service are good sources of field data. . .

Id. See also Guidance for 2006 Assessment, Listing and Reporting Requirements -
Pursuant to Sections 303(d), 305(b), and 314 of the Clean Water Act, EPA (July 29,
2005)? (hereinafter “2006 Guidance”) at 31 (noting that “data and information should
also be solicited from a wide variety of organizations and individuals, such as .
universities and other research institutions[,] environmental consulting firms][,] Natlonal
Pollutant Discharge Elimination (NPDES) permitees[, and] conservation/environmental
organizations . . . .”). The affirmative nature of this obligation does not end with
soliciting data and information. For example, “[i]f particular data/information referenced

.in the public comments are not provided, EPA expects states to make a reasonable effort

to secure the data.” Id. at 32.2

2 EPA continues to rely on this guidance document, as supplemented by an October 12, 2006 EPA
Memorandum regarding “Information Concerning 2008 Clean Water Act Sections 303(d), 305(b), and 314
Integrated Reporting and Listing Decisions.” ' '

3 See also 2006 Guidance at 32 (“If an outside entity fails to provide necessary metadata along with
submitted data and information, the state should attempt to obtain the metadata from the data-submitting
organization before concluding that the data and information is of low quality, simply due to lack of
metadata.”).




The State’s obligation to assemble data and information includes information
pertaining to “observed effects” — defined as “[d]irect manifestations of an undesirable
effect on waterbody conditions” — which can form the basis of a decision to identify a
water body as impaired. Id. at 31, 68. Uncertainty regarding the cause of an observed
effect or other condition cannot be used as grounds to exclude a water body from Section
303(d) listing as an impaired or threatened water segment. Id. at 60 (“Must Category 5
include an impaired segment if the specific pollutant causing the impairment has not
been identified? Yes, if a designated use is not supported and the segment is impaired or
threatened, the fact that the specific pollutant is not known does not provide a basis for
excluding the segment from Category 5. These segments must be listed unless the state
can demonstrate that no pollutant(s) causes or contribute to the impairment.”). See also
id. at 22, Table 3-7 (“Cause/Stressor Unknown”).

II. The Biological Health And Integrity Of The Great Bay Estuary And
Associated Waters Are Critically Important.

Comprised of Great Bay, Little Bay, and the Piscataqua River, and receiving
freshwater flows from numerous rivers, the Great Bay estuary is a highly sensitive,
critically important resource that has been recognized as an estuarine system of national
significance. It is part of the National Estuarine Research Reserve and the National
Estuary Program® and, pursuant to the latter, is the subject of ongoing management
efforts by the New Hampshire Estuaries Project (“NHEP”). The Great Bay estuary also is
the subject of ongoing research efforts by the University of New Hampshire’s Jackson
Estuarine Laboratory, as well as volunteer monitoring by Great Bay Coast Watch.

Within the Great Bay estuary, eelgrass provides an essential role that has been
described as follows:

Eelgrass (Zostera marina) is an essential habitat for the Great Bay Estuary (GBE)
because it provides food for wintering waterfow! and habitat for juvenile fish and
shellfish. Eelgrass is the basis of an estuarine food chain that supports many of
the recreationally, commercially and ecologically important species in the estuary.
Additionally, eelgrass filters estuarine waters, removing both nutrients and
suspended sediments from the water column. Eelgrass in the Great Bay Estuary is
the largest monoculture in the State of New Hampshire and is considered a vital
resource to the State’s marine environment.

Short, Frederick T., Eelgrass Distribution in the Great Bay Estuary, 2005: A Final
Report to the New Hampshire Estuaries Project (July 31, 2007), appended as Attachment
A, at 1. Eelgrass has been further described as “an essential habitat for the estuary, the
loss of which would fundamentally alter the ecosystem of the bay.” INHEP,
Environmental Indicator Report: Critical Habitats and Species (March 2006) at 8.

* The National Estuary Program is a “state grant program within the U.S. Environmental Protection Agency .
established to designate estuaries of national significance and to assist local stakeholders in the preparation
of a Comprehensive Conservation and Management Plan for the designated estuaries.” N.H. Estuaries
Project, Management Plan (2000) at AP-7.




IIIL. Readily Available Data And Information Pertaining To Eelgrass
Declines Demonstrate That Assessment Units Within The Great Bay
Estuary Are Impaired.

The Draft 303(d) List includes water bodies that are part of, and associated with,
the Great Bay estuary. However, the Draft List is incomplete because it omits the
following impairments which, unless specifically addressed by the State through
technology-based standards and other pollution control requirements, must be added to
the Final List.

A, Significant eelgrass declines in the Piscataqua River and Little
Bay demonstrate that these waters are impaired.

~ For several years, Frederick T. Short, Ph.D., a researcher at the University of New
Hampshire’s Jackson Estuarine Laboratory with more than twenty years experience
working on Great Bay, has monitored the spatial cover and biomass of specific eelgrass
communities within the Great Bay estuary. In particular, his research demonstrates
substantial declines in eelgrass biomass at two sites in the Piscataqua River where
eelgrass was transplanted in 1994 (1994 transplant sites™), three other sites in the
Piscataqua River, and a site in Little Bay. An abstract discussing data for these sites
collected between 2001 and 2006, and documenting site locations, is appended hereto as
Attachment B. As stated in this abstract, eelgrass declines observed at these sites
“suggest a reduction in the health condition of the estuary.” Id. It explains that eelgrass
in the 1994 transplant sites reached functions and values comparable to natural reference
sites within a six year period, but that “data from 2001 to the present shows significant
decline in plant parameters, especially eelgrass biomass, density, and leaf area index.”
Id. Tt further states: “Between 2005 and 2006, eelgrass biomass decline ranged from 59
to 90 percent at the [1994 transplant sites] and reference sites.” Id. (emphasis added).
Noting a 59 percent increase in dissolved-inorganic-nitrogen concentrations in the Great
Bay estuary, it states: “The overwhelming eelgrass decline at all sites indicates that these
trends are the result of an estuary-wide factor.” Id.

More recently, Dr. Short has supplemented the above analysis with 2007 data.’
These data demonstrate that eelgrass biomass has declined significantly between 2001
and 2007, and further confirm that these significant declines are not isolated to the 1994
transplant sites, but, rather, also occurred at naturally occurring eelgrass beds within the
estuary. The data show declines to be most extreme in the Piscataqua River, with three of
the five sites devoid of eelgrass vegetation, and with eelgrass barely surviving at the two
other sites. See Attachment C. :

The above data and information unequivocally establish that the Piscataqua River
and Little Bay are violating the State’s BACI narrative standard, Env-Ws 1703.19.

3 These data, and a corresponding map, are contained in figures appendéd hereto as Attachment C. These
figures are from an as-yet unpublished manuscript (Beem, Nora T. and Fred T. Short, “Subtidal Eelgrass
Decline in the Great Bay Estuary, NH-ME”).




Accordingly, unless the State demonstrates that it can and will address these violations
through technology-based effluent limitations and other pollution controls, these water
bodies and impairments must be added to the Final List. Although certainty regarding
the cause of these violations is not necessary for Section 303(d) listing purposes (see
discussion, above, at 3), readily avallable data and information make clear that increasing
nitrogen levels are a contributing factor.® Accordingly, the cause of these impairments
should be identified as excessive nitrogen loading, and the State should also identify
these waters as violating Env-Ws 1709.14. Because the potential light attenuation
impacts of total suspended solids (TSS) also may be a factor, the State should consider
identifying TSS as an additional potential cause.

B. Eelgrass declines within Great Bay, particularly in light of
system-wide eelgrass declines and nitrogen-loading trends,
demonstrate that Great Bay is an impaired water body.

In its 2003 State of the Estuaries report, NHEP reported that nitrogen /
concentrations in Great Bay were increasing. NHEP, State of the Estuaries, 2003 at 8.
The report explained that, despite increasing nitrogen concentrations in the estuary, there
had not yet been “any significant trends for the typical indicators of eutrophication:
dissolved oxygen and chlorophyll-a concentrations. Therefore, the load of nitrate+nitrite
to the bay appears to have not yet reached the level at which the undesirable effects of
eutrophication occur.” Id. NHEP further reported that eelgrass habitat in Great Bay had,
over the prior 10 years, remained relatively constant. Id. at 16. In its 2006 State of the
Estuaries report, however, NHEP reported critically important new data and information
about eelgrass declines and rising nitrogen levels in the estuary. Attachment D (NHEP,
State of the Estuaries, 2006 (excerpts)). With spec1ﬁc regard to eelgrass, it described the
following disturbing trend:

Throughout the 1990s, the total eelgrass cover in Great Bay was relatively
constant at approximately 2,000 acres. In 1988 and 1989, there was a dramatic
crash of the eelgrass beds down to 300 acres (15 percent of normal levels). The
cause of this crash was an infestation of a slime mold, Labryinthula zosterae,
commonly called “wasting disease.” The greatest extent of eelgrass was observed
'in 1996 (2,421 acres) after recovery from the wasting disease. The current (2004)
extent of eelgrass in Great Bay is 2,008 acres, which is 17 percent less than the
maximum extent observed in 1996.

The biomass of eelgrass in Great Bay has experienced a more significant decline
relative to the levels observed in 1996. Biomass is the combined weight of
eelgrass plants in the bay. ‘In 1990, 1991, and 1995, biomass was low due to
wasting disease events. Superimposed on these rapid events has been a gradual,
decreasing trend in eelgrass biomass that does not appear to be related to wasting

6 See Attachment B, See al;so Attachment A (recommending “increase[d] efforts to lower nitrogen loading
to the Great Bay Estuary with particular emphasis on Portsmouth Harbor and the Piscataqua River.”). See
also footnote 8, below, regarding nitrogen trends in Great Bay.




disease. The current eelgrass biomass level for Great Bay is 948 metric tons,
which is 41 percent lower than the biomass observed in 1996.

Id. More recent data (2005) reveal that eelgrass biomass in Great Bay has further
declined to 827 metric tons,” meaning that eelgrass biomass decreased 48 percent
between 1996 and 2005. Even absent this more recent 2005 data, NHEP has concluded
that “[t]he trend of declining eelgrass biomass in Great Bay is a concern. Eelgrass is an
essential habitat for the estuary, the loss of which would fundamentally alter the
ecosystem of the bay.” NHEP, Environmental Indicator Report: Critical Habitats and
Species (March 2006) at 8.

The above significant, reported declines in eelgrass biomass, particularly when
coupled with data and information about increasing nitrogen concentrations in Great
Bay,® and substantial eelgrass declines in Little Bay and the Piscataqua River,’ establish
that conditions in Great Bay are violating the State’s BACI narrative standard, Env-Ws
1703.19. Accordingly, unless the State demonstrates that it can and will address this
violation through technology-based effluent limitations and other pollution controls, it
must add this impairment to the Final 303(d) List. Although certainty regarding the
cause of this impairment is not necessary for Section 303(d) listing purposes (see
discussion above, at 3), readily available data and information make clear that increasing
nitrogen levels are a contributing factor.'® See Attachment D, at 4 (stating that “loss of

7 Electronic communication from P. Trowbridge, NHDES, to T. Irwin, CLF providing updated eelgrass
data March 12, 2008).
8 According to the 2006 State of the Estuaries report, dissolved inorganic nitrogen concentrations
“increased in Great Bay by 59 percent in the past 25 years.” Attachment D, at 12. The report documented
that nitrogen concentrations in Great Bay had reached the same levels that had been shown to cause
negative effects in other estuaries, and noted that “changes in other parts of the ecosystem, particularly
eelgrass cover and biomass, have been observed. There also have been anecdotal reports of increasing
populations of nuisance macroalgae in some areas of Great Bay.” Id. at 12. According to the report:
“While precise threshold for DIN effects is not known, it is certain that the estuary cannot continue to
receive increasing nitrogen loads indefinitely without experiencing a lowering of water quality and
ecosystem changes.” Id. (emphases added). See also written and oral testimony of Dr. Short (Attachments
Eand F). : :
% See Attachment B, and discussion above, explaining that significant eelgrass declines in Piscataqua River
and Little Bay are indicative of an “estuary-wide factor.”
10 See Attachment B. See also footnote 8, above, regarding nitrogen trends in Great Bay. In addition to the
above, see also the written and oral testimony of Dr. Short relative to nitrogen levels in the Great Bay
estuary (Attachments E and F, respectively), including Dr. Short’s testimony that “the Great Bay Estuary is
suffering from excess nitrogen inputs,” Attachment E, and that:
Increasing nitrogen levels in an estuary are a problem because it increases gradually and -
suddenly — all of the sudden you get a change in the system, a dynamic turnover in the system.
And the prime example of that is Chesapeake Bay, where in the 1980s the Chesapeake Bay
estuary ecosystem collapsed. It lost its eelgrass, it lost its blue crabs, its oysters, because the
system was too heavily loaded with nitrogen and the system fell apart. And I’'m concerned at the
levels of nitrogen that we’re seeing here in the Great Bay estuary.
Being a professor, 1 brought my references. The State of New Hampshire put out the
state of the estuary report in 2003 and it shows a significant increase in nitrate levels in the Great
Bay estuary. And I looked up those nitrogen levels and compared them to what the levels were in
Chesapeake Bay in the 1980s, at the time of the collapse, and we are as high or higher than the
levels were in Chesapeake Bay, so I think that’s a concern.




water clarity, disease, excess nitrogen, and nuisance macroalgae,” are all factors
contributing to eelgrass decline.). Accordingly, the cause of this impairment should be
identified as excessive nitrogen loading, and the State should also identify this water
body as violating Env-Ws 1709.14. Because the potential light attenuation impacts of
TSS also may be a factor, the State should consider identifying TSS as a potential cause
as well.

C. Eelgrass declines within the Squamscott, Lamprey and Oyster
Rivers, particularly in light of system-wide eelgrass declines
and nitrogen-loading trends, demonstrate that these waters are
impaired.

According to NHEP’s 2006 Environmental Indicator Report: Critical Habitats
and Species, as supplemented by more recent data, eelgrass cover has declined
substantially in the Squamscott, Lamprey and Oyster Rivers. Specifically, in 1996, there
were 65 acres of eelgrass cover in the Squamscott and Lamprey Rivers, collectively, and
14 acres of eelgrass in the Oyster River. NHEP, Environmental Indicator Report:
Critical Habitats and Species (March 2006) at 9, Table 4. In 2005, the acreage of
eelgrass cover declined to a mere 22 acres in the Squamscott and Lamprey Rivers
(collectively), and only two acres in the Oyster River.'" Thus, compared to 1996 data,
eelgrass cover in the Squamscott/Lamprey Rivers, and the Oyster River, declined an
incredible 66 and 86 percent, respectively. These significant declines are evidence that
these waters are violating the State’s BACI narrative standard. Therefore, unless the
State demonstrates that it can and will address these violations through technology-based
effluent limitations and other pollution controls, it must add these impairments to its Final
303(d) List. For the reasons discussed above, the State should identify nitrogen, and
possibly TSS, as the cause of these impairments, and should further identify these waters
as violating Env-Ws 1703.14. ‘

Iv. Readily Available Data And Information Pertaining To Chlorophyll a
And Dissolved Oxygen Demonstrate That Certain Water Bodies
Within The Great Bay Estuary Are Impaired.

According to a State of New Hampshire Inter-Department Communication
included in the State’s Section 305(b) report as Appendix 22, probabilistic assessments of

- New Hampshire estuarine waters resulted in findings that dissolved oxygen violations

occurred in the lower Piscataqua River, and that high chlorophyll-a concentrations
occurred in the Lamprey and Winnicut Rivers. State of NH Inter-Department
Communication from P. Trowbridge to G. Comstock (March 6, 2006) at 4, 5. The Draft
List fails to list these impairments. Unless the State demonstrates that it can and will

Attachment F, at 45. See also Attachment G (Lee, Kun-Seop et al., “Development of a nutrient pollution
indicator using the seagrass, Zostera marina, along nutrient gradients in three New England estuaries,”
Aquatic Botany, Vol. 78 (2004) 197-216; Attachment H (Project Narrative Statement Workplan submitted
by NHEP and NHDES to EPA) (“Increased nitrogen concentrations . . . and declining eelgrass beds in .
Great Bay . . . are clear indicators of impending problems for NH’s estuaries.”).

- Blectronic communication from P. Trowbridge, NHDES, to T. Irwin, CLF (March 12, 2008).
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address these violations through technology-based effluent limitations and other pollution
controls, it must add these impairments to its Final 303(d) List."?

V. Alternatively, The Above-Described Data And Information
Demonstrate That Water Bodies Within The Great Bay Estuary Are
Threatened. '

The data and information discussed above (see Parts III - IV) establish that the
above-mentioned waters are violating water quality standards and, therefore, are
impaired. Should the State and EPA somehow conclude that the above data and
information do not provide evidence of impairment, such data and information
nonetheless establish that the waters are threatened (i.e., are not expected to meet
applicable water quality standards), and must be designated as such.'® The State has
itself acknowledged that “[i]ncreased nitrogen concentrations . . . and declining eelgrass
beds in Great Bay . . . are clear indicators of impending problems for NH’s estuaries.”
Attachment H (Project Narrative Statement Workplan submitted by NHEP and NHDES
to EPA). With specific regard to nitrogen, NHEP’s 2006 State of the Estuaries report
further states: “While a precise threshold for DIN effects is not known, it is certain that
the estuary cannot continue to receive increasing nitrogen loads indefinitely without
experiencing a lowering of water quality and ecosystem changes.” Attachment D, at 12.
See also testimony of Dr. Short (footnote 10, above). The threatened (if not impaired)
status of the estuary, as it relates to nitrogen inputs and nitrogen-related problems, is
further bolstered by the fact that sources of nitrogen — including stormwater pollution
associated with existing and future impervious cover — can only be expected to increase
in the next two years. '

VI.  If The State Elects Not To Address The Above Impairments Through
Technology-Based Effluent Limitations Or Other Pollution Controls,
It Should Assign Them A High Priority On The Final 303(d) List.

If the State elects to add the above impairments to the Final List, on the grounds
that it cannot specifically address them through technology-based effluent limitations or
other pollution controls, it should assign a high priority to these water quality limited
segments for purposes of developing and implementing total maximum daily loads
(TMDLs). This high prioritization is warranted by the significant value of the Great Bay

12 EPA guidance emphasizes the need to coordinate, and avoid inconsistencies between, Section 303(d) and

Section 305(b) assessment findings. EPA Memorandum, “Information Concerning 2008 Clean Water Act

Sections 303(d), 305(b) and 314 Integrated Reporting and Listing Decisions,” (Oct. 12, 2006) at 5-6.

1 With respect to waters that are “threatened,” as opposed to “impaired,” EPA Guidance states:
Threatened waters: States may define “threatened waters” in their assessment and listing
methodologies. EPA recommends that states consider as threatened those waters that are currently
attaining [water quality standards], but which are expected to not meet WQSs by the next listing
cycle (every two years). For example, segments should be listed if the analysis demonstrates a
declining trend in a specific water quality criteria (WQC), and the projected trend will result in a
failure to meet a criterion. by the date of the next list (i.e., 2008 for purposes of the 2006
assessment cycle); or, segments should be listed if there are proposed activities that will result in
WQS exceedances.

2006 Guidance at 9, n. 3.




estuary; the severe consequences for the ecosystem that could result if the impairments
are not immediately addressed (e.g., eelgrass has been described as “an essential habitat
for the estuary, the loss of which would fundamentally alter the ecosystem of the bay”);'*
and the ongoing NPDES permitting processes for various wastewater treatment facilities
within the watershed. Consistent with EPA recommendations, we urge the State to
prioritize, schedule and develop TMDLs for these interrelated water bodies using a
watershed approach. See EPA Memorandum, “Information Concerning 2008 Clean
Water Sections 303(d), 305(b), and 314 Integrated Reporting and Listing Decisions”
(Oct. 12, 2006) at 8-9. :

VIL. If The State Demonstrates That It Cannot Address The Above Water
Quality Limited Segments Through Technology-Based Effluent
Limitations Or Other Pollution Controls, And Nonetheless Omits The
Segments From The Final 303(d) List, EPA Should Disapprove And
Supplement Such List.

For the reasons discussed above, the above waters within and associated with the
Great Bay estuary must be treated as impaired (or at the very least threatened).
Accordingly, the State must either demonstrate that it can and will address these water
quality limited segments through technology-based effluent limitations and other
pollution controls, or add these segments to its Final 303(d) List. Should the State fail to
take either of these actions, EPA should exercise its authority to disapprove the State’s
proposed Final List and, within thirty days of such disapproval, supplement the Final List
with the above-discussed water quality limited segments. 40 CFR § 130.7(d)(2).
Alternatively, EPA should specifically require the State to demonstrate good cause for
not including such segments on the Final List. 40 CFR § 130.7(b)(6)(iv). Should the
EPA proceed with the latter approach, CLF requests that it be notified thereof, and that it
be provided an opportunity to comment on any rationale presented by the State for not
including these waters and impairments/threats on the Final List.

* * * * ® *

Again, CLF appreciates the opportunity to provide these comments. Please do not
hesitate to contact me should you have any questions. ’

Respectfully Submitted,

_—
T lors. 7.

Thomas F. Irwin,

Senior Attorney

Conservation Law Foundation
27 North Main Street
Concord, NH 03301

(603) 225-3060
tirwin@clf.org

14 NHEP, Environmental Indicator Report: Critical Habitats and Species (March 2006) at 8.
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Introduction

Eelgrass (Zostera marina) is an essential habitat for the Great Bay Estuary (GBE) because it
provides food for wintering waterfow! and habitat for juvenile fish and shellfish. Eelgrass is the basis of
an estuarine food chain that supports many of the recreationally, commercially and ecologically
important species in the estuary. Additionally, eelgrass filters estuarine waters, removing both
nutrients and suspended sediments from the water column. Eelgrass in the Great Bay Estuary is the
largest monoculture in the State of New Hampshire and is considered a vital resource to the State’s
marine environment. The present report describes and interprets the eelgrass distribution data
collected in 2005 for the Great Bay Estuary.

The Great Bay Estuary is experiencing an alarming decline in both eelgrass biomass and
distribution that appears to be related to the declining water clarity of the estuary. Eelgrass biomass in
Great Bay itself (grams of eelgrass per meter square) has declined steadily (Trowbridge 2006) over
the past decade, although the distribution has been relatively constant in Great Bay for the past 10
years at approximately 2,000 acres. In the Piscatagua River, recent declines in both natural and
transplanted eelgrass beds are now evident (Short and Beem, in prep) and are a combination of both
loss of biomass and loss of distribution. In Portsmouth Harbor in the past 3 years, eelgrass has
receded at the deep edge of the meadows, creating an overall loss of distribution which has been
accompanied by losses in biomass (Rivers 2007).

In this study, we refer to eelgrass biomass as measured by percent cover, i.e., the percent of
the bottom which is vegetated with eelgrass. Biomass is determined through a regression of field-
measured biomass and field-measured percent cover. The percent cover map from the aerial
distribution can then be converted to biomass (g dry weight eelgrass m).

For the first time, Ruppia maritima (called here by its common name, ruppia) was_ observed in
large beds in several of the tributaries of GBE, both in aerial photographs and while ground truthing.
Therefore, ruppia has been added as an element of the seagrass distribution maps. Ruppia has
always been found in the GBE at low levels, particularly in association with salt marsh pannes and in
the upper reaches of the estuary. It is mapped in 2005 for the first time because it appeared in large
beds in parts of the tributaries where eelgrass could be expected. Ruppia occurs as both an annual
and perennial plant, and the persistence of these beds is impossible to predict. Although ruppia is a
seagrass and provides some of the functions of an eelgrass meadow, its low canopy height (less than
10 cm in these beds) creates different habitat conditions.

Almost two decades ago, in 1989, there was a dramatic decline in eelgrass area in Great Bay -
itself to only 300 acres (15% of normal levels). The cause of this crash was an outbreak of a slime
mold, Labryrinthula zosterae, commonly called “wasting disease”. More recently, the greatest extent
of eelgrass in the GBE was observed in 1996 after the beds had recovered from the wasting disease
episode. The decline in eelgrass biomass seen over the past decade (1996 — 2006) is not a result of
wasting disease, and shows all the signs of being caused by anthropogenic impacts, namely nutrient
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loading and sedimentation.

The University of New Hampshire provided digitized eelgrass distribution information in Great
Bay Estuary for the years 1999-2001 to the NHEP database. Additionally, the 2002, 2003 and 2004
eelgrass coverages are now in the NHEP database.

In 2006, the NHEP funded annual monitoring for eelgrass in GBE. We collected aerial
photography of eelgrass coverage for 2006 and mapped eelgrass distribution for 2005 from the
information gathered in the summer of 2005 (aerial photography and ground truthing). Here, | report
on the eelgrass distribution and cover class information for 2005 in the Great Bay Estuary.

Proiect Goals and Obijectives

UNH has now completed the 2005 project under contract to the NH Estuanes Project. The
project goals and objectlves of the contract were to:

(1) map eelgrass distribution in GBE for 2005 based on aerial photography and ground truth;
(2) acquire aerial photography of the Great Bay Estuary in 20086
(3) conduct eelgrass ground truth observations of the 2006 aerial imagery.
The final work product is Arclnfo files of eelgrass distribution throughout the Great Bay Estuary

in 2005, including all necessary documentation/metadata for the Arcinfo files, and this final report
describing the results and any deviations from the protocols established in the QA Project Plan.

Methods

The methods for this project followed the procedures specified in the approved QA Project Plan
(Short and Trowbridge, 2003). ' -

Results and Discussion

. The shapefiles containing the eelgrass and ruppia distribution data were provided to the NHEP
Coastal Scientist by email. Metadata for the shapefiles is .as follows:

Codes for cover classes:
P =10 to 30 % cover
H =30 to 60 % cover .
G [or SB] = 60 to 90 % cover
D =90 to 100 % cover
R = Ruppia ’ , »

Eelgrass cover below 10% cannot be detected in the aerial photography.

In 2005, eelgrass biomass (shown as percent cover on Figure 1) decreased in the Great Bay
Estuary while eelgrass distribution increased slightly. Eelgrass was present throughout much of its
- expected range in the estuary, although there are still large areas of the estuary that historically
supported eelgrass and currently do not, including Little Bay, the Piscataqua River, and parts of
Portsmouth Harbor and Little Harbor. Despite a few increases in low biomass eelgrass bed
distribution in the upper estuary, the continued decrease in eelgrass biomass in.the estuary overall is
indicative of poor water quality conditions.




Eelgrass in the central part of Great Bay showed little change in distribution between 2004 and
2005, while bjomass decreased overall. In the northwest part of the Bay, near Adams Point, there was
a similar pattern, with a decrease in biomass and little change in distribution. On the western side of
Great Bay, both biomass and distribution changed little between 2004 and 2005. In the southern Bay,
biomass and distribution are little changed overall. The eelgrass bed along the eastern side of Great
Bay near Thomas Point lost area but increased in biomass, while in Greenland Bay, eelgrass area
increased and biomass remained the same or increased slightly. Most likely, the increase seen in
Greenland Bay was present in 2004 as low-density seedlings which were not detectable until 2005
when they were mature plants.

In Little Bay between 2004 and 2005, there was a shift in the eelgrass beds off Dover Point,
with an increase of patchy eelgrass and formation of a new bed along the channel. Overall, Litile Bay
showed some increases in eelgrass biomass or total distribution. There were patches of ruppia in
both the Oyster and Bellamy Rivers; these were large, fairly low-biomass patches. There was no
eelgrass present in the Oyster River. There are still large areas of Little Bay and the Bellamy River
which historically supported eelgrass that remain unvegetated. The single patchy eelgrass bed in the
upper Bellamy River present in 2004 was not present in 2005.

In the upper Piscataqua River, both the cover and biomass of eelgrass decreased from 2004 to
2005. The two new eelgrass beds seen in 2003 on the Maine side of the river across from the .
General Sullivan Bridge disappeared in 2005. Ruppia was found in the upper Piscataqua in three
large, low-density beds. On the New Hampshire side of the Piscataqua River, the predominant
eelgrass beds remained those restored.in the 1993 — 95 New Hampshire Port Mitigation Project.

 These restored eelgrass beds remained roughly the same from 2004 to 2005 in area, although

biomass further decreased.

In Portsmouth Harbor and Little Harbor, some eelgrass beds increased in biomass while others
decreased. Overall, there was a loss of eelgrass biomass while area increased slightly. Some losses
of biomass and distribution were evident around the Coast Guard station. The eelgrass meadow
between Gerrish and Fishing Islands in Portsmouth Harbor remained severely impacted by continued
grazing by Canada geese (Rivers and Short 2007). The offshore eelgrass bed southwest of Gerrish -
Island decreased in biomass while remaining approximately the same size. ,

For all the areas surveyed in 2005, only Great Bay itself retained eelgrass distributions similar
to historic levels, although eelgrass biomass in Great Bay was much lower than seen historically.
Eelgrass in Great Bay decreased somewhat between 2004 and 2005, due to losses in biomass, even
with gains in distribution. Little Bay showed little change (some increase in area but steady biomass)
between 2004 and 2005, with very low levels of eelgrass compared to historical distributions but
appearance of large beds of ruppia in the Bellamy River. In the Piscataqua River, an overall decrease
was apparent in 2005. The Portsmouth Harbor area experienced a slight increase in eelgrass
biomass. Overall, eelgrass in 2005 in the Great Bay Estuary was slightly decreased in biomass and
slightly increased in extent, although not consistently throughout the estuary. All of the Great Bay
Estuary has decreased eelgrass beds compared to historic distributions (especially in Little Bay and
the Piscataqua River), with average biomass levels lower than seen historically.
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Conclusions and Recommendations
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Increase efforts to lower nitrogen loading to the Great Bay Estuary with particular emphasis on
Portsmouth Harbor and the Piscataqua River.

Accelerate the implementation of sediment retention structures to reduce the direct sediment input
which leads to elevated turbidity in the estuary.

Continue annual monitoring of eelgrass in the Great Bay Estuary.

Determine the cause of long-term loss of eelgrass percent cover in Great Bay itself and throughout
the Estuary. i

Update the conversion of eelgrass percent cover to biomass through field surveys.

Restore eelgrass in Little Bay and the Oyster and Bellamy Rivers.

Conduct quantitative monitoring of the wasting disease in the Great Bay Estuary.

Institute best management practices in the Great Bay Estuary to reduce boating and mooring
impacts to eelgrass.

Create an improved map of potential eelgrass habitat for the Great Bay Estuary.

. Avoid both actual and potential eelgrass habitat when siting other restoration activities or boat

moorings and docks in the estuary.
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Eelgrass in the Great Bay Estuary: recent declines of concern
F. Short and N. Beem, JEL, UNH. May 2007

Eelgrass, Zostera marina L., declines at both restored and reference areas of the Great
Bay Estuary (GBE), New Hampshire, suggest a reduction in the health condition of the estuary.
The NH Estuary Program reports concomitant increases in both dissolved inorganic nitrogen
(DIN) and suspended sediments. The eelgrass beds, transplanted in 1994 as mitigation for habitat
loss due to port development, reached comparable functions and values to natural reference sites
within 6 years of transplanting. However, data from 2001 to the present shows significant decline
in plant parameters, especially eelgrass biomass, density, and leaf area index. Between 2005 and
2006, eelgrass biomass decline ranged from 59 to 90 percent at the NH Port restored and
reference sites. The overwhelming eelgrass decline at all sites indicates that these trends are the
result of an estuary-wide factor. DIN concentrations in GBE have increased 59% in the past 25
years, with the single largest contributor of nitrogen being wastewater treatment facilities, clearly
linked to increased human population. Additionally, increased impervious surface in the
watershed likely results in increased suspended sediments in GBE, limiting eelgrass growth. The
linkage between human activity and declining eelgrass populations in GBE and the high cost of
remediation necessitates immediate outreach efforts to educate the local community and raise
awareness of the consequences of losing critical eelgrass habitat.

Eelgrass Biomass From 2001 to 2006
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NH Port Project eelgrass sites:
T1 & T3 are Piscataqua River transplant sites
DP is the natural reference site at Dover Point in Little Bay
R2 is the natural reference site in the Piscataqua River
OCC is the natural reference site in Outer Cutts Cove at the NH Port Project in the Piscataqua River

See also for background on NH Port Project eelgrass sites: Evans, N.T. and F.T. Short. 2005. Functional
trajectory models for assessment of transplant development of seagrass, Zostera marina L., beds in the
Great Bay Estuary, NH, USA. Estuaries 28: 936-947.




Fig. 1. Map of the Piscataqua River, part of the Great Bay Estuary in New Hampshire and
Maine, USA. Squares indicate the location of eelgrass reference sites (R1 and R2); the
triangle represents the New Hampshire Port Authority construction site, Outer Cutts
Cover (OCC), part of which was used as a reference site in this study; circles indicate the
location of transplant sites (T1 and T3).
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Figure 1. Map of eelgrass study sites within the Piscataqua River in the Great Bay
Estuary, New Hampshire. Squares indicate reference sites and circles indicate transplant

sites.
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Figure 2. Simple regressions of the effects of time on mean (+SE) eelgrass biomass.

Sites are oriented moving up-estuary.
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March 12, 2008 ¢

Figure 3. Mean (+SE) eelgrass three-dimensional canopy structure at transplant (T1, T3)
reference (DP, R2, OCC) sites from 2001 through 2007. Sites are oriented up-estuary
moving left to right. '
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Figure 4. Mean (+SE) eelgrass percent cover at transplant (T1, T3) reference (DP, R2,
OCQC) sites from 2001 through 2007. Sites are oriented up-estuary moving left to right.
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The INHEP is part of the US.
Environmenital Protection Agency's
(EPA’s) National Estuary Program
which is 2 joint local/state/federal
program established under the
Clean Water Act with the goal

of protecting and enhancing
nationally significant estuaries,
The NHEP's Comprehensiva
Censervetion and Management
Plan for New Hampshire's
estuaries was completed in 2000
and implementation is ongoing.
The Management Plan outlines
iey issues related to management
of New Hampshire's estuaries
and proposes strategies that

are expected to collectively
preserve and protect the state’s
estuarine resources,

The NHEP's priorities were
established by focal stakeholders
and include water qualicy
improvements, shellfish resource
enhancements, habitat protection,
improved land development
patterns, habitat restoration,
and outreach activities to develop
broad-based support and encourage
involvement of the public, loca
governments, and other interested

“groups. The NHEP and its many
partners undertake projects and
activities to address these priorities
in the New Hampshire coasral
watershed. The coastal watershed
that drains water into the state's
major estuary systems — the
Great Bay Estuary and Hampton-
Seabrook Harbor —and other
coastal waters via rivers and
streams spans three states with
approximately 80 percent of the
area located in New Hampshire.
The NHEP works with 42 New

. Hampshire communities that are
entirely or partially focated within
the coastal watershed.

REPORT

The 2006 State of the Estuaries
Report includes twelve indicators
intended to report on the health
and environmental quality of New
Hampshire’s estuaries.

The New Hampshire Estuaries
Project (NHEP) developed and
now implements a Monitoring Plan
to track environmental indicators,
inform management decisions, and
report on environmental progress

- and status. The Monitoring Plan

describes the methods and data for
34 indicators used to determine

if the environmental goals and
objectives of the Management Plan
are being met For each indicator,
thé Monitoring Plan defines the
monitoring objective, management
goal, data quality objectives, data
analysis and statistical methods, and
data sources. Just as implementation
of the Management Plan for New
Hampshire’s estuaries involves the
collaboration of many organizations
and agencies, the NHEP Monitoring
Plan relies on data compiled from
organizations that are leaders in
the management and protection

of the state’s estuaries and coastal
watershed resources.

Every three years, the NHEP
prepares.a State of the Estuaries
report that includes information
on the status and trends of a
select group of environmental
indicators from the coastal
watershed and estuaries. The
report provides the NHEP, natural
resource managers, local officials,
conservation organizations, and
the public with information on
the effects of management
decisions and actions. -

Prior to developing each State of
the Estuaries report, the NHEP
publishes four technical data reports
(“indicator reports”) that illustrate
the status and trends of the
complete collection of indicators
tracked by the NHEP. Each report
focuses on a different suite of
indicators: Water Quality, Shellfish,
Critical Habitats and Species, and

INTRODUCTION

Land Use and Development. These

"reports are available from the

NHEP website, www.nhep.unh.edu.

The 2006 State of the Estuaries
Report communicates the status
of 12 out of the 34 environmental
indicators tracked by the NHEP.
For each of these key indicators

it provides the reader with the
associated NHEP management goal
and an explanation of supporting’
data. For some of the 12 indicators,
additional information from
supporting or related indicators

is presented to further explain
trends or to provide context for
the primary indicators.

The interpretations of the indicators
in this report were peer reviewed
by the |5 member NHEP Technical
Advisory Committee and other
experts in relevant fields, inciuding
university professors, researchers,
and state and federal environmental
managers from a variety of disciplines
and perspectives. Therefore, the
conclusions of this report represent
the current scientific consensus
regarding conditions in New
Hampshire’s estuaries,

FOCUS AREAS

Water Gualiry

Shelifish

Critical Fabitats F Species
Land Use (F Development

L]




SUMMARY OF THE STATE OF THE ESTUARIES

The environmental quality of New
Hampshire’s estuaries is good
compared with estuaries across the
country; but, conditions are changing.
Some of the changes are positive,
although more of the trends

are troubling.

Several indicators of water quality
show improvement. ‘

™ Bacteria concentrations in the
water are decreasing during
dry weather conditions.

¥ Toxic contaminant levels in
the water and sediments are
at levels of minimal concern.
Mussels, clams, and oysters have
decreasing toxic contaminant
concentrations that are below
national guidance values. Tests
indicate that organisms living in
the sediments are affected by
toxic contaminants in only 0.3
percent of the estuary.

However, more indicators suggest
that the ecological integrity of the
estuaries is under stress or may

soon be heading toward a decline.

W Opyster and clam populations
are at or approaching the
lowest levels ever recorded.
Trends suggest that clam
populations follow a cyclical
boom-and-bust pattern, but
the oyster populations appear
to be experiencing a slow,
steady decline.

® |mpervious surfaces are being
added to the watershed at an
average rate of 1,185 acres per
year. In 2005, eight percent of
the watershed’s land area was
covered by impervious surfaces.
Land consumption per person is
increasing, which is an indicator
of sprawling growth patterns.

® Nitrogen concentrations in

- Great Bay have increased by

59 percent in the past 25 years.
Negative effects of éxcessive
nitrogen, such as algae blooms
and low dissolved oxygen levels,
are not evident, However, the
estuary cannot continue to
receive increasing nitrogen levels
indefinitely without experiencing
a lowering of water quality and
ecosystem changes.

® Eelgrass coverage in the Great

Bay has declined slightly since
1996. During the same period,
eelgrass biomass in Great Bay
has experienced a more significant
decrease. The causes of these

- declines are uncertain, but loss
of water clarity, disease, excess
nitrogen, and nuisance macroalgae
-are all contributing factors.

® Dissolved oxygen concentrations

consistently fail to meet state
water quality standards in the
tidal tributaries to the Great
Bay Estuary. So far, the dissolved
oxygen levels in the larger
embayments are not below
state water quality standards.

In an attempt to counteract these
trends, the NHEP and others have
worked to conserve land, restore
habitats, and eliminate pollution
sources in the coastal watershed.
Over the past three years, 12,037
acres in the coastal watershed
have been permanently protected
from development. Currently,
54,622 acres, or 10.7 percent

of the watershed fand area, are
protected including 7,009 acres
protected by the Great Bay
Resource Protection Partnership.
The New Hampshire Coastal
Program has restored 279 acres
of salt marsh in the past six years.
The University of New Hampshire
(UNH) has completed restoration
projects for 3.18 acres of oyster
beds and 1.75 acres of eelgrass.
The NHEP, state agencies,
watershed groups, and municipalities
have identified and eliminated many
sources of bacteria pollution, and as
a result, more areas of the estuarie:
are open for shellfish harvesting.

Available environmental data
indicate that New Hampshire’s
estuaries still retain many positive
attributes and serve important
ecological functions. However,
the effects of human population
growth and development on the
estuaries are increasingly evident.
Unfortunately, the potential
impacts on future ecological
integrity are poorly understood.



Dry weather bacteria
concentrations

(bage ¢)

Have fecal coliform bacteria fevels
in the Great Bay Estuary changed
over time!

INDICATOR SUMMARY

Yes. The bacteria concentrations in Great Bay
have decreased by 73% over the past 16 years,
but the trend has slowed recentdy.

Toxic contaminants
in shelifish tissue

(poge 8)

Have concentrations of toxic
contaminants in the tissues of
shellfish changed over time?

Yes. The concentrations of several contami-
nants have decreased by 17% to 68% over
the past 12 years and no concentrations
have increased.

Toxic contaminants
in sediments

(page10)

Do sediments in the estuaries
conuin toxic contaminants that
might harm benthi¢ organisms?

Yes, but rarely. Organisms living in the
sediments might be adversely affected
by toxic contaminants in enly 0.3% of
the eswaries. * ~

Nﬁgen in Great Bay

{pog= 12)

Have nitrogen concentrations in
Great Bay changed significantly
over dme!

Yes. Dissolved inorganic nitrogen concentra-
tons have increased in Great Bay by 59%
in the past 25 years. :

Dissolved oxygen

(page 14)

How often do dissolved oxygen
levels in the Great Bay Estuary
fall below state standards?

Rarely in the bays and harbors but ofte
in the tidal rivers. :

Opysters

(poge 16)

Has the number of harvestable
oysters.in the Great‘Bay Estuary
changed over-time!

Yes. The number of harvestable oysters has
declined 95% since 1993.

Clams

(poze 18)

Has the riumber of harvestable
clams in Hampron-Seabrook
Harbor changed over tire?

i

Yes. The current number of harvestable clams
is 31% of the averagé level and decreasing.

L B

Eelgrass

{page 20)

Has eelgrass habitar in Great Bay
changed over time?

Yes. Eelgrass cover in the Great Bay has
declined by 17% between 1996 and 2004.

Habitat restoration

(bape 22}

Are hahitats being restored?

Yes for salt marsh, but oyster and eelgrass
habitats have been restored at a slower rate.

Impervious surfaces

(bage 24)

How much of New Hampshire's
coastal watershed is covered
by impervious surfaces?

In 2005, 8% of the land area of the watershed
was covered by impervious surfaces,and {0
subwatersheds had-greater than 10%
impervious surface cover. '

Sprawling growth

(page 26)

‘Is the coastal watershed experiencing

“sprawl-type” development!

Yes. From 1990 and 2005, larid consumption
increased from 0.152 to 0217 acres of
imperyious surface per person.

Land conservation

- {poge 28)

How much of the coastal wat.ershed
is protected from development!

Currently, 54,622 acres in the watershed
are protected, which amounts to 10.7% of
the land area.

Key to Implication/
Trend Classifications:

Positive

The trend or status of the
indicator demonstrates
improving conditions, generzly
good conditions, or substantial
progress relative to the
management goal.

A Cauticnary

The trend or status of the
indicator demonstrates possibly
deteriorating conditions:
however additional inform:

or datz are needed to fully

- assess the obsarved conditons

or environmental response.

% Negative

The trend or status of the
indicator demonstrates
deteriorating condizions,
generzlly poor conditions,
or minimal progress relative
to the management goal.




WHxy THIS IS IMPORTANT

Fecal coliform bacteria in surface waters may
indicate the presence of pathogens due to
sewage contamination, Pathogens, which are
disease-causing microorganisms, pose a public
health risk and are the primary reason why
shellfish beds are closed to harvesting,

ExpranaTION

At all four of the long-term water quality
monitoring stations in the Great Bay. Estuary,
the trend has been a decrease in the fecal
coliform concentrations during dry weather
overthe past 13 to 16 years, For example, in
the middle of Great Bay at Adams Point, fecal

coliform concentrations decreased by 73 percent

between 1989 and 2004 (Figure 1). This result
is encouraging because it indicates that the
collective input from the Bay's many tributaries
has decreased.

Dry weather fecal coliform contamination

is an indication of sewage contamination
from faulty septic systems, overboard marine
toilet discharges, wastewater treatment facility
failures, cross connections between sanitary
sewer and stormwater systems, livestock,
wildlife, re-suspension of contaminated
sediments, and residual stormwater-related
pollution, Wastewater treatment facility
upgrades and removal of sewage inputs from
stormwater sewer systems are likely major
contributors to the decreasing trends.

It is important to note that fecal coliform
concentrations have remained relatively constant
in recent years, and there are still many closures
of shellfish beds due to bacterial pollution,
particularly after rain events. Moreover, long-
term trend data are only available at four
locations in the estuaries and these locations
may not be representative of all areas.

MNHEP Goal: Achieve water quality in the Great
Bay Estuary and Hampton-Seabrook Harbor
that meets shellfish harvest standards by 2010.



DPipe discharging
water into Great Bay

Fecal coliform bacteria concentrations during dry weather
atAdams Point in Great Bay (Figure 1)
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KEEPING SEWAGE
CUT OF THE ESTUARIES

Stormwater runoff is a major contributor
to bacteria pollution. However, even
during dry weather, certain bacteria
pollution sources are problematic. Failing
septic systems can be a constant source of
bacteria pollution, as can iflicit connections
(or cross connections) between sanitary
sewer systems and storm sewer systems.
in some cases, pipes are misconnected

to storm drainage systems, resulting in
discharge of untreated sanitary waste to
the estuaries. In others, sanitary waste
leaches from old and leaky or broken pipes
and is discharged to stormwater drainage
that flows into surface waters.

The NHEP has supported the remediation
of illicit connections in 16 seacoast
communities, resulting in cleaner, safer
waters, NHEP grant funds have supported
the detection-and elimination of more than
60 illicit connections in the last seven years.
Detection usually begins with water testing
of discharges from storm drainage outfalls
during dry weather followed by smoke
tests, dye tests, video surveillance, or other
detection methods within the drain system
to locate the illicit connections. After an
illicit connection is detected, the sanitary
sewer pipes are properly cornected to the
wastewater infrastructure so that waste is
treated, rather than discharged into

- streams and estuaries.

TIDAL BATHING BEACH POSTINGS There is an increasing trend in the number of advisories issued at tidal beaches
in the coastal watershed due to elevated bacteria levels. Between 1996 and 2002, there were no advisories issued for
the tidal beaches. However, in the past three years, there has been at least one advisory per yezir at the tidal beaches.
The increased number of advisories may be a result of 2 change in sampling protocols used by the NH Department of

Environmental Services Beach Program or an increase in local bacterial sources. Regardless, beach advisories warrant

attention because they indicate water quality problems.




Way THIS IS IMPORTANT

Mussels, clams, and oysters accumulate toxic
contaminants from polluted water in their
tissues. In addition to being a public health risk,
the contaminant level in shelifish tissue is a long-
term indicator of water quality in the estuaries.

ExrranaTion

The Gulf of Maine Council's (GOMC's) Gulfwatch
Program uses blue mussels (Mytilus edulis) as

the indicator species for shellfish bioaccumulation
of toxic contaminants. Between 1993 and 2004,
none of the |3 mussel sampling stations in

New Hampshire's estuaries registered toxic
coritaminant levels greater than U.S. Food and
Drug Administration (FDA) guidelines. Mercury
and polychiorinated biphenyls (PCBs) levels
were well below FDA guidelines; however,

lead levels approached the recommended limits
in some locations. Since shellfish collect toxic
contaminants in their flesh when they feed by

filtering water, the acceptable levels of contaminans
in these creatures suggest that the concentrations
of toxic contaminants in estuarine waters are of
minimal concem.

Musse! tissue samples from Portsmouth Harbor,
Hampton-Seabrook Harbor, and Dover Point
have been tested repeatedly between 1993

and 2004, Trends at these sites suggest that
levels of PCBs, the pésticide DDT, lead, and
zinc are declining (Figures 2a through 2d). The
concentrations of DDT and PCBs decreased at
two of the three stations by 33-35 percent and
39-68 percent, respectively, Lead concentrations
have decreased by 23 percent in Portsmouth
Harbor. At all three stations, the zinc concen-
trations have fallen between 17 percent and

28 percent. The decreasing PCB and DDT
concentrations are probably due to decreased
use of these chemicals following bans by the
EPA in 1979 and 1972, respectively.

MNHEP Goal: Reduce toxic contaminant levels in
indicator species to below FDA guidance vaiues.



NHEP employee collects blue
mussels ar low tide that will
be tested for contaminants

PCBs in mussel tissue (Figure 2a)
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Zinc in mussel tissue (Figure 2d)
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NHEP

GULFWATCH PROGRAM

For the past {3 years the GOMC has organized the
Gulfwatch monitoring program to assess the types and
concentrations of contaminants in biue mussels, Mytilus
edulis, with the goal of providing baseline contaminant levels
on which research questions and management decisions
can be based. Mussels are collected annually from over
three dozen locations throughout the Gulf of Maine —
from Nova Scotia to Massachusetts — and are analyzed

for the presence of over 50 types of toxic contaminants.
The GOMC's general findings from Gulf-wide analysis of
samples indicate that:

B Nearly all measured metal contaminants were detected
in mussels from each of the sampling sites.

Organic contaminants and certain mezals were more
concentrated in mussels collected near cities and large
river mouths, particularly in the southern portion of
the Gulf of Maine. ’

& Tissue concentrations for a few contaminants at some
Gulfwarch sites were elevated compared to other regions
of North America, although, except for lead in Boston
Harbor, no contaminant concentrations exceeded any
FDA federal action jevels for human consumption.

® Analysis of five benchmark sites from 1991-1997 showed
that most contaminants in mussels were decreasing or
did not exhibit a trend.

More informidtion on these findings and the Gulfwatch
program is avajlable on the GOMC's website:
www.gulfofmaine.org/gulfwatch.

The GOMC Guifwatch program coilects and analyzes
musse] tissue from two sites in New Hampshire each year.
In addition, The NHEP organizes and funds the collection
and analysis of mussels from two additional sites in the state
each year, plus the collection and analysis of oysters and
clams every three years. These additional sites and additional
types of shellfish testing improve the coverage for New
Hampshire’s estuaries and allow better assessment of local

sources of pollution.
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‘WHY THIS IS IMPORTANT

Toxic contaminants accumulate in estuarine
sediments, and therefore organisms living in
the sediments are especially at risk of being
impacted by these pollutants. Furthermore,
toxic contaminant concentrations in sediments
can provide information on both historical
and current pollution of the estuaries.

ExpranaTION

Approximately 12 percent of the estuarine
sediments had at least one contaminant with
concentrations greater than a screening value
(Figure 3). Concentrations above screening values
have the potential to pose a threat to organisms
that live in the sediments, Elevated levels of
contamination occur mainly in the tidal rivers,
especially the Cocheco River, The chemicals that
exceeded screening values were chromium, lead,
silver, polycyclic aromatic hydrocarbons, and the
pesticide DDT. Another important observation
was the consistently low levels of almost all
contaminants at sites in Little Harbor, Little Bay,
Hampton-Seabrook Harbor, and in the outer
portion of Portsmouth Harbor.

Screening values were set conservatively;
therefore, concentrations above screening

NHEP Goal: No impacts to benthic

values do not necessarily mean that organisms

in the sediments will be affected by the contam-
inants, Actual effécts on benthic organisms were
determined using sediment toxicity and benthic
community surveys, These tests showed that

the, organisms in the sediments were affected by
toxic contaminants in only two locations out of
70 tested, or 0.3 percent of the estuary (Figure
4. The two locations were in the Cocheco River
and the Lamprey River (Figure 5). Therefore, in

-most of the locations where toxic contaminants
*in sediments were above screening values, the

organisms did not appear to be affected by
the contamination.

The absence of apparent effects on organisms

in the sediments does not necessarily mean all
aquatic species are unaffected. First, the sediment
toxicity and benthic community surveys are only
capable of detecting significant impacts to the
benthic community. More subtle impacts might
have been missed. Second, benthic organisms are
just one of many possible aquatic species groups.
For bioaccumulative compounds, such as mercury
and PCBs, species in higher trophic levels could
be at risk even if impacts to benthic organisms-are
not observed. Finally, the sediments have only been
tested for the typical suite of toxic contaminants,
not for new classes of chemicals which are
emerging as possible threats, such as personal
care products and pharmaceuticals,

communities due to sediment contamination.



UNH technician preparing to collect a
sediment sample from Great Bay

Concentrations

of toxic Unsarmpled 8
contaminants 8% Below SVs
relative to . 80%
screening values Above SVs

(SVs) (Figure 3) 122

Data Source: EPA, NHDES, and UNH, National Caastal Assessment Survey (2000-2001)

Effects of toxic

contaminants Unsampled (7.9%)
on benthic’ " mpacted (03%
organism's arginal Impact (1.7%)
(Figure 4)

Data Source: EPA, NHDES, and UNH, National Coastal Assessment Survey (2000-2001)

Locations of toxic contamination in sediments and
impacts to benthic organisms (Figure 5)

‘Toxic Contaminants in Sediments

) Coneentradons below screening values and no
Impacts to benthic organisms observed,

Concentrations below screening values buc

Impacss to benthic organisms obsarved.

Concentrations above screening values but no

Impacts to benthic orgnisms observed.

@ Concentrations above screening values and
Impacts to benthic organisms cbserved.

® @

Data Source: EPA, NHDES, and UNH, National Coastal Assessment Survey (2000-2001)

VOLUNTEERS CRITICAL IN MONITORING
FRESHWATER RIVERS

The quality of freshwater river systems that eventually
flow into the estuaries has a large impact on the overall
condition of the estuaries. The NHDES Volunteer River
Assessment Program (VRAP) organizes water quality
monitoring by watershed organizations and other
volunteers for freshwater streams and rivers in the
coastal watershed..YRAP volunteers measure water
quality parameters such as temperature, pH, dissolved
oxygen, turbidity, and specific conductance. Recent.
VRAP water quality reports are available for the
Bellamy, Cocheco, Isinglass, Lamprey, and Oyster
rivers at www.des.nh.gov/wmb/VRAP.

The Coastal Volunteer Biological Assessment Program
(CVBAP) was established in 2005 by the NHDES Bjo-
monitoring Unit and the NH Coastal Program to educate
the public about water quality issues as interpreted
through biological data (aquatic macroinvertebrates),
build a constituency of volunteers to practice sound
water quality management at the local level, and supple-
ment biological data collected by NHDES. The Cocheco
River Watershed Coalition, Exeter River Local Advisory
Committee, and Oyster River Vatershed Association
are participating in the program. Through CVBAP these
groups’ existing water quality monitoring efforts are
expanded to include collection of biological data.

NH DES technicians
collecting aguaric
invertebrates from
the Oyster River

13




|

(]

fa

WHayY THIS 1S IMPORTANT

Excessive nitrogen can cause algae blooms and
change species composition of important habitats.
Furthermore, decomposition of algae can deplete
coastal waters of dissolved oxygen. Both of these
effects will impair estuarine functions.

ExpranaTiON

Dissolved inorganic nitrogen (DIN) has been
monitored monthly in the estuary since 1991.
Clear trends in DIN during this |5 year period

_ are not evident. However, a comparison of
historical and recent datasets shows that DIN
concentrations have increased in Great Bay by 59
percent between the periods of |974-1981 and
1997-2004 (Figure 6). During the same period,
suspended solids concentrations increased by
81 percent (Figure 7). The change in suspended
solids may be related to the nitrogen trend;
however, many other factors might have caused
the increased suspended solids including variability
in rainfall, wind speed and tidal amplitude, localized
erosion, recent loss of eelgrass, or loss of filter
feeders such as oysters.

Researchers are still debating the possible effects
of the increasing DIN concentrations on Great
Bay because it is a unique system, both hydro-
dynamically and biologically, that may respond
differently to excess nitrogen than other estuaries,
So far, the typical effects of excess nitrogen have
not been observed in Great Bay, although DIN
concentrations in Great Bay are similar to
concentrations in other estuaries where negative
effects have been clearly observed. The only
increasing trend for chlorophyli-a, a surrogate
for algae, was observed at a station with very
low concentrations. Low dissolved oxygen
concentrations only have been found in the
tributaries to the Bay, not the Bay ftself. How-
ever, changes in other parts of the ecosystem,
particularly eelgrass cover and biomass, have
been observed. There also have been anecdotal
reports of increasing populations of nuisance
macroalgae in some areas of Great Bay. While

a precise threshold for DIN effects is not known,
it is certain that the estuary cannot continue to
receive increasing nitrogen loads indefinitely
without experiencing a lowering of water quality
and ecosystem changes. )

NHEP Goal: Maintain inorganic nutrients in the
Great Bay Estuary, Hampton-Seabrook Harbor,
and their tributaries at 1998-2000 baselire levels:
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Key to understanding a box and whisker plot: The box and whisker plots

in Figures 6 and 7 show the distribution of concentrations measured at the same
location during two different periods. The horizontal line in the middle of each
box marks the median concentration measured for that period. The lower and
upper walls of the box mark the 25th and 75th percentile concentrations, respec-
tively. The lower and upper ends of the “whiskers” (the vertical lines extending
from the box) approximate the 5th and 95th percentile concentratians, respec-
tively. Points beyond the whiskers are measurements which are much lower or

higher than the rest of the distribution.

)

NUTRIENT CRPTEREA FOR NEW HAMPSHIRE’'S ESTUARIES

Excess nutrients are a major

concern for water quality

and ecological integrity in
estuaries. The EPA requires
states to develop water quality
criteria for estuarine waters
which would set limits on
nutrients or the negative
effects of excess nutrients.

* The NHEP agreed to lead
the effort to develop nutrient
criteria for New Hampshire’s
estuaries because of its tech-

. nical expertise and strong
stakeholder ties. Data from
NHEP indicators on dissolved

~ oxygen, chlorophyli-g, total

suspended solids, eelgrass -
biomass, and other input and
response indicators are being
reviewed to better understand
nutrient dynamics and impacts
in the Great Bay Estuary. The
outcome of this analysis will
be recommendations to the
State Water Quality Standards
Advisory Committee for
specific criteria to protect the

water quality and ecology of .

New Hampshire's estuaries
from excess nutrients.

HITROGER LOAD 7O THE GREAT BAY
EsTuaRY The MNHEP estimated that §,097
tons of nitrogen entered the Great Bay/
Upper Piscataqua Estuary in 2002 (Figure 8).
Wastewater treatment facilities {WWTFs)
contributed 34 percent of the total amount.
The largest component of the nitrogen load
was nonpoint sources in the wazershed
tributaries (49 percert) and from the land
adjacent o the estuary (12 percent}. Nonpoint
sources of niti'ogeew incluce lawn fertlizers, septic
systems, aniinal wastes, and atmospheric
deposition to land. Direct discharge to the
ay from groundwater and direct atmospheric

deposition to the Bay representad refatively
smeli overail contributdons of nitvrogen. The
major sources of nitrogen are ail relared to
population growth and associated fand

» development patrerns. Figure 9 shows the
annual average nitrogen load that was
meastred for the 2002-2004 period at the
head of tide dam for each tributary. The
Cocheco, Salmon Falls, and Lamprey rivers
supplied the fargest nitrogeh loads compared
with the other tributaries.

" Nitrogen loads to the Great Bay and Upper
Piscataqua River Estuary in 2002 (Figure 8)

373.4 tonslyr,
34%

Groundwater, 19.3 tonsfyr, 2%
Atmospheric, 27.9 tonsfyr, 3%

NPS Direct Discharge,

135.7 tonsfyr, Thbutarjes,
. 12% 540.6 tons/yr;
49%

Data Source: NHEP (2006c)

Total nitrogen loads from Great Bay watersheds
in 2002-2004 (Figure 9)
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‘WHY THIS IS IMPORTANT

Fish and many other aquatic organisms need
dissolved oxygen in the water to survive.
Prolonged periods of low dissolved oxygen
can alter aquatic ecosystems.

ExpraNaTION

The Great Bay National Estuarine Research Reserve
and the NHEP support the maintenance of instru-
ments, called datasondes, at six locations in the
Great Bay Estuary to monitor dissolved oxygen
and other parameters every 30 minutes, The
measurementts are used to determine the average
dissolved oxygen concentrations during the day.
The sampling stations are located in the middle
of Great Bay, Portsmouth Harbor, and in the tidal
tributaries to the Great Bay Estuary (Figure 10).

The dissolved oxygen concentrations in Great
Bay and Portsmouth Harbor consistently meet
the 75 percent saturation standard, while exceed-

NHEP Goal: No days that exceed the state

ences of the standard have been observed in the
tidal tributaries (Figure | |). The most exceedences
have been observed in the Lamprey River (56
percent of the summer season on average in
2002-2004). Relatively few exceedences of the
standard have been observed in the Squamscott,
Oyster, and Salmon Falls rivers.

Strong tidal flushing through the estuary and inflow
from freshwater streams appear to mix and
oxygenate the water well in the large embayments.
The causes of sporadic low dissolved oxygen‘con-
centrations in the tidal tributaries are unknown,
Some possible explanations are algae blooms,
benthic organism respiration, and oxygen demand
from wastewater treatment facility effluent. In some
cases low concentrations may be natural phenomena.

standard for daily average dissolved oxyeen
(=3 SO .

(75 percent saturation).



Datasonde stations in the Great Bay Estuary (Figure 10)

Datasonde buoy
on Great Bay

HAMPSHIRE,

Data Source: UNH Jackson Estarine Laborztory

Number of summer season days in 2002-2004 with daily average dissolved
oxygen less than 75 percent saturation (Figure 11)
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Numbers in parentheses are the percent of daily average dissolved oxygen measurements Jess than 75%.

Data Source: UNH Jackson Estuarine Laboratory, Great Bay National Esusarine Research Reserve System Wide Monitoring Program

DATASONDES

Datasondes areiautomated
monitoring instruments
programmed to obtain
measurements of specific
conductivity, salinity, dissolved
oXxygen, percent saturation,
pH, temperature, water level,
and turbidity every half hour.
The instruments are deployed
continuously during ice-free
seasons, except for brief periods
when they are removed for
cleaning, maintenance, and
recalibration. Datasondes are ‘
deployed approximately one |
meter from the bottorn and
recovered for data download
every two to four weeks
depending upon the time of
year. Deployment and operation
of the network of datasondes
throughout the Great Bay
Estuary is made possible
through a partnership between
the Great Bay National
Estuarine Research Reserve,
the NHEP, and the UNH
Jackson Estuarine Laboratory.

—
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Wy THIS 18 IMPORTANT

Oysters are excellent indicators of estuarine
condition because they are relatively long-lived
stationary filter feeders that play important roles
in nutrient cycling and water clarity. They also
provide food and habitat for other species in the

thought to be the protozoan pathogens MSX
and Dermo that have caused similar declines

in oyster fisheries in the Chesapeake and other
mid-Atlantic estuaries. There is some uncertainty
in the standing stock estimates because, while
the oyster densities are typically measured each
year, the sizes of the beds have been monitored

estuary. They are ecohomically important because  |ass frequently.

they support valuable recreational fisheries and
have potential as an aquaculture species.

ExpranaTion

Since 1993 the oyster fishery in the
Great Bay Estuary has suffered a serious
decline (Figure 12), Harvestable oyster
standing stock in 2004 was only | |
percent of the NHEP goal of 50,000
bushels and only five percent of the
maximum observed standing stock in
1993. Most of the remaining standing
stock is in the Nannie Island and
Woodman Point beds in Great Bay.
The major cause of the decline is

Oyster standing stock in the Great Bay Estuary
(Figure 12)
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NHEP Goal: 50,000
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EAdams Point MSq River EIPi; qua River B Oyster River B Woodman Point ElNannle istand

Data Source: NH Fish and Game Department

NHEP Goal: Triple the standing stock of
harvestable oysters from 1999 levels to .

50,000 bushels,



UNH researchers buildin g an
experimental oyster regf in Great Bay

MSX infection prevalence in Great Bay Estuary
oyster beds (Figure 13)
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Dermo infection prevalence in Great Bay
Estuary oyster beds (Figure 14)
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OYSTER DISEASES There are two diseases that are known to be affecting oysters in the G
MSX, which is caused by the protozoa Haplosparidium nelsonj, was detected in the Piscataqua River in 1983, The first
oyster mortality from the disease was observed in 1995 following a severe drought (Barber et al., {997). The disease
Dermo is caused by the protozoa Perkinsus marinus. The NH Fish and Game Department and NHEP have monitored the
prevalence of MSX and Dermo in oysters from the Great Bay Estuary every year since 1995 (Figures 13 and i4).No.

RESTORING OYSTER REEFS

Oyster restoration projects are attempting to reverse the
declining trends in the number of harvestable oysters by
addressing some factors believed to be responsible for their
dramatic decline. UNH, with funding and support from the
NHEP, Natural Resources Conservation Service, The Nature
Conservancy, and the City of Dover, has several active pro-
jects. All of the restoration projects use a disease-resistant
fast-growth strain of oyster larvae to counteract the effects

of the oyster diseases.

For one of the projects, UNH researchers are studying

reef structure alternatives in an area near Nafnie Island in
Great Bay where two reef designs were built and are being
evaluated. One design mimics 2 large reef, while the other
imitates a series of smaller reefs clustered together. The
researchers are ‘studying each design and evaluating which
one best promotes spat abundance, survival, and growth.
The reefs were built with crushed granite mounded up eight
inches and then seeded with about 200 young oysters per
square yard. The research study also compares natural spat
density on the constructed reefs to density on natural reefs.
Lessons learned from this project will help create a blueprint
for future oyster restoration projects. For more information
on New Hampshire oyster restoration projects, visit
www.oyster.unh.edu.

reat Bay Estuary. The disease

stadistically significant change in MSX infection rates at Nannie Island has occurred since the disease was first detected.

- Approximately 20 percent of the oysters in the Great Bay Estuary are currently infected with MSX. The infection prevalenc
of Great Bay Estuary oysters by Dermo was low or zero untii recently. Between 2002 and 2004, the prevalence of Dermo
infection in the Nannie Island and Adams Point oyster beds shot up from approximately 10 percent to 60 percent, The
cause of the increased prevalence of Dermo in these beds is not known. '

.

UNH




‘WHY THIS 1S IMPORTANT

Soft-shell clams are an important economic,
recreational, cultural, and natural resource for
the Seacoast region. Recreational shellfishing
in Hampton-Seabrook Harbor is estimated to
contribute more than $3 million a year to the
local and State economy (NHEP, 2000).

ExpLANATION

The amount of clams of harvestable size in
Hampton-Seabrook Harbor, also known as
standing stock, has been monitored by FPL
Energy Seabrook Station over the past 38 years
(Figure 15). The standing stock has undergone
several [2-15 year cycles of growth and decline.
Peak standing stocks of approximately 23,000,
13,000, and 27,000 bushels occurred in 1967,

1983, and 1997, respectively. Between the peaks,

there have been crashes of the fishery in 1978

and 1987, with standing stock less than 1,000
bushels. Since 1997, the standing stock has been
dropping once again, but the 2004 levels have
not yet reached the levels observed during the
crashes in 1978 and 1987. The standing stock in
2004 was 2,630 bushels which is 31 percent of
the NHEP management goal of 8,500 bushels.

The cause of the current decline in harvestable
clam populations is unknown. A NHEP study in
2001-2002 concluded that predation of juvenile
clams by green crabs and strong currents in the
harbor were potential factors in the decline
(Beal, 2002). Other observers have expressed
concemn that harvesting, which appears to be
correlated with clam standing stock (Figure 15),
may contribute to the decline.

NHEP Goal: Maintain or exceed the average
standing stock of harvestable clams in Hampton-

Seabrook Harbor flats (8,500 bushels).



NHDES SHELLFISH PROGRAM:
PROTECTING PUBLIC HEALTH ST

The NHDES Shellfish Program determines e
which areas meet standards for shellfish

harvesting and consumption. Staff regularly

collect warer samples from over 75 locations

in state tida| waters and shellfish meat samples

\
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MNHDES Shellfish Program conducts indepth
environmental studies called sanitary surveys.
o : Surveys involve intensive water monitoring and
shoreline inspections coupled with an analysis
of the impacts of wastewater treatment plants,
RIS Standing Stock (bt) —E— License Sales private septic systems, development, boating,
' and other activities that affect shelifish growing
reas because of pollution. To date the program
has completed sanitary surveys for approxi-
mately 85 percent of the estuarine areas. Most
: of the approved shellfish harvesting areas are
Percent of possible shellfish harvesting acre-days (Figure 16) open on a conditional basis, meaning that certain
conditions, such as rainfall or sewage releases
from wastewater treatment plants, will close

g

Clam standing stock in Hampton-Seabrook Harbor from 15 locations. Water and shellfish samples
. . . . . i
and recreational clamming license sales (Figure 15) : P
are sent to state fabs in Concord where they
30000 14000 are tgsted for bacterial contamination. In .
addition, the program monitors concentrations
Booo 1 T T 12000 of the paralyric shellfish poison toxin,
3 | 10000 commonly referred to as “red tide.”
& 20000 T
H \ D‘a 8000 :
E T 8/ "y e i ;i - .
£ 15000 U1 L ', i To deter mine if sheﬂ.ush growing areas meet
£ 1000 standards for harvesting and consumption, the
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Data Source: FPL. Energy Seabrook Station and NH Fish and Game Department

100
. : .
Zg — NS areas to harvest until the NHDES Shellfish
0 B R, Program determines that the area meets
£ 40 - N\ standards for consumption.
g , .
S ig e i The NHEP has supported the NHDES Shelifish
30 f= A= . Program activities since they began in the late
20 —e 1990s by providing funding to complete sanitary
10 — ) . - surveys and more recently to support laboratory
2000 200 | 20‘02 20‘03 20'04 2005 analysis of water and shellfish tissue samples.
. : . o As a resuit of these efforts, the NHDES Shellfish
—+—GreatBay (oyster) - Hampton-Seabrook Harbor (clam) Program was officially recognized as being

compliant with the National Shellfish Sanitation
Program by the U.S. Food and Drug Admini-
stration in October 2002.

—#—Upper Little Bay (clam) —#— Lower Little Bay (dam) -~ Little Harbor (clam)

Data Source: NHDES Shelffish Program

SHELLFISH HARVESTIMG OPPORTUMITIES The NHDES Shellfish Program measures the opportunities for shellfish -
harvesting using “acre-days,” which is the product of the acres of shellfish growing waters and the number of days
that these waters are open for harvest. The acre-days indicator is reported as the percentage of the total possible
acre-days of harvesting for which the shellfish waters are actually open, In most cases, poor bacterial water quality
restricts harvesting, making the acre~ddy indicator a good integrative measure of the degree to which water quality in

. the estuary is meeting fecal coliform standards for shellfish harvesting. Shellfishing opportunities in the open-partions of
the estuaries vary by location {Figure 16). In Great Bay, the shellfishing acre-days were nearly 90 percent of the possible
amount in 2000-2004. in Hampton-Seabrook Harbor and Litde Harbor, the acre-day percentage was only slightly above
40 percent for the same period. In both of these harbors, poor water quality due to elevazed bacteria concentrations
occurs after even small rain storms causing closures. However there has been an improving trend in the Little Harber
growing area. This area was closed to shellfishing before 2001. By 2004, it was open 44 percent of the possible acre-
days. The areas in Upper and Lower Litde Bay were closed more often in 2003 and 2004 than previously because of -
heavy rainfall, wastewater treatment facility overflows, and the extended presence of boats in the mooring fields. '_____
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WHY THIS IS IMPORTANT

Eelgrass (Zostera marina) is essential to estuarine
ecology because it filters water, stabilizes sedi-
ments, provides food for wintering waterfowl,
and provides habitat for juvenile fish and shelffish.
Healthy eelgrass habitat both depends on and
contributes to good water quality.

ExpraNATION

Throughout the 1990s, the total eelgrass cover in
Great Bay was relatively constant at approximately
2,000 acres (Figure 17). In [988 and 1989, there
was a dramatic crash of the eelgrass beds down
to 300 acres (15 percent of normal levels). The
cause of this crash was an infestation of a slime
mold, Labryrinthula zosterae, commonly called
“wasting disease” (Muehlstein et al, 1991). The
greatest extent of eelgrass was observed in 1996
(2421 acres) after recovery from the wasting
disease. The current (2004) extent of eelgrass in
Great Bay is 2,008 acres, which is 17 percent less
than the maximum extent observed in 1996,

The biomass of eelgrass in Great Bay has experi-
enced a more significant decline relative to the
levels observed in 1996 (Figure 17). Biomass is
the combined weight of eelgrass plants in the bay.

In 1990, 1991, and 1995, the biomass was low
due to wasting disease events, Superimposed on
these rapid events has been a gradual, decreasing
trend in eelgrass biomass that does not appear to
be related to wasting disease. The current eelgrass
biomass level for Great Bay is 948 metric tons,
which is 41 percent lower than the biomass
observed in [996.

The specific cause of the decline in eelgrass cover
and biomass is unclear, but appears to be related
to a reduction in the amount of light reaching
the plants. Eelgrass is sensitive to water quality,
especially water clarity. The observed changes

in eelgrass cannot be linked directly to a water
quality trend in Great Bay, although increasing
concentrations of suspended solids have been
observed at Adams Point. The effects of the
wasting disease are easily observed on the plants
and the gradual decline of the past decade is not
consistent with a wasting disease event. There have
been anecdotal reports of increasing populations
of nuisance macroalgae and epiphytic growth on
eelgrass leaves, which may be related to increasing
nitrogen concentrations in the Bay. Macroalgae
can compete with and smother eelgrass, and
heavy epiphyte loads can decrease eelgrass
growth, reducing eelgrass biomass and cover.

NHEP Goal: Maintain habitats of sufficient size
and quality to support populations of naturally
occurring plants, animals, and communities.



Eelgrass plays a vital role in
the ecology of Grear Bay

Eelgrass cover and biomass in the Great Bay (Figure 17)
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GLOBAL DECLINE OF SEAGRASS

Eelgrass trends observed in New
Hampshire mirror trends in seagrass
health across the world, aithough
declines may be caused by different
factors. SeagrassNet, 2 global monitoring
program initiated in 2001, monitors
seagrass at 48 sites in |8 countries.
Findings indicate that seagrass is declining
at nearly all the sites monitored. Causes
of declines include diseases, increased
sedimentation from land use disturbance
activities, decreased water clarity from
water pollution, dredging and other
physical disturbances, and many other
anthropogenic impacts,

Eelgrass loss (as well as loss of other
types of seagrasses) affects water quality
because the root systems of plants help
stabilize sediments to prevent erosion,
and the plants themselves filter nutrients
and particulates from the water column.
Other species such as shellfish, fish, and
waterfowi that depend on these important
aquatic habitats for food and shelter are
in turn affected by eelgrass loss.

lnformation about the Global Seagrass
Monitoring Network can be found at
www.seagrassnet.org.

An eelgrass experiment ar UNH Jackson Estuarine Laboratory
. examines the relationship berween eelgrass and turbidity

NHEP
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‘WHY THIS IS IMPORTANT

Historical data suggests that salt marshes, oyster
beds, and eelgrass habitats in New Hampshire's
estuaries have been degraded or destroyed over
time. Restoration efforts attempt to restore the
function of these critical habitats.

ExpranaTion

There has been significant progress toward

the goal of restoring 300 acres of salt marsh by
2010 (Figure 18). The current tally of saft marsh
restoration projects by tidal restriction removal
since January 1, 2000 is 279 acres (93 percent of
the goal). The NH Coastal Program is planning
additional salt marsh restoration by tidal restriction
removal, which, if completed, would surpass

the NHEP goal. This indicator tracks restoration
effort in terms of acres for which restoration

was attempted. The area of functional habitat
created by restoration projects has not been
determined and may be lower.

Habitat restoration projects for oyster beds

and eelgrass also have been completed, atthough
many additional acres are needed to meet the
NHEP management goals. Five oyster restoration
projects have been implemented in the Great
Bay Estuary and have resulted in 2 total of 3.18
restored acres of oyster bed (16 percent of the
NHEP goal). Since 2000, 1.75 acres of eelgrass
restoration projects have been completed (3.5
percent of the goal). As with salt marsh restoration,
these indicators track restoration effort in terms
of acres for which restoration was attempted. .
The area of functional habitat created by restor-
ation projects may be lower.

NHEP Goal: Restore 300 acres of salt marsh through
tidal restriction removal, 20 acres of oyster beds,

and 50 acres of eelgrass beds by 2010.




Restored Pickerin i4
Brook salt marsh

HABITAT RESTORATION
OPRORTURNITIES

The Great Bay Estuary-Restoration
Compendium, recently completed by
The Nature Conservancy with funding
from the NHEP and the NH Coastal
Program, identifies ecological restoration
opportunities in and around Grear Bay.
Cumulative area of salt marsh restoration projects (Figure 18) The compendium is the first comprehensive
look at restoration priorities in Great Bay
400 that includes muitiple habitats and species,

such as oyster reefs, soft-shell clam beds,

Goal = 300 acres 279 salt marshes, eelgrass, shoreline buffers, and
300 : : diadromous fish. Sites were identified by
227 comparing histeric and current distributions

200

Acres

100

2000 2001 2002 2003 2004 2005 2006

207 of habitats and species, identifying specific

: areas of |oss, and using models to estimata
which of these areas represented realistic
restoration opportunities based on current
environmental conditions. Final selection

of the most promising areas was based on
expert review and the potential for multipie
habitat projects. The resulting compendium
of historic, modern, and desired future -

Data SourcesNH Coasal ngm;n ‘ ‘ conditio.ns also incluqes inforrpation on
appropriate restoration technigues. The
compendium will be used by the NHEP
NH Coastal Program, and others as 3
guide for future restoration efforts in the
coastal watershed area. The restoration
compendium is available on the NHEP
website: www.nhep.unh.edu,

AWCOMIN SALT MARSH RESTORATION PROJECT

A celebration held in April 2006 highlighted five years of work by many organizations, led by
the Town of Rye, Natural Resources Conservation Service, and the NH Coastal Program, to
restore the 30-acre Awcomin Marsh in Rye, New Hampshire. The marsh was long ago degraded
by filling of dredged materials that changed the elevarion, hydrology, and plant composition of
the marsh. The embattled marsh lacked pools and pannes and was overrun with invasive plants.
" Restoration of the marsh has occurred in several phases starting in 1991, when the NH Coastal
Program and its partners removed old berms and excavated new channels and creeks on the
site. The latest restoration effort, which began in 2001, aimed to remove dredge spoils (totaling
about 9,000 dump truck loads), recreate the tidal creek system and open water habitat, and
restore native vegetation. After more than five years of planning, construction, and revegetation
activities, the latest phase of restoration was complete. An ongoing monitoring program
organized by the NH Coasral Program tracks changes in salinity, water level, vegetation, and
_ fish communities to assess the long-term success of the restoration effore, A boardwalk and
two viewing platforms were installed to provide recreational opportunities and access to this
marsh system. In the future, additional restoration work to control invasive species and
mosquito habitat may be needed at this site.

NHEP

Third grade students and reac’

plant switehgrass seedlin g5 for
a NFIEP-funded revegeration
project at Awcomin Marsh




WHY THIS IS IMPORTANT

Impervious surfaces such as paved parking lots,
roadways, and building roofs increase the pollutant
load, sediment load, volume, and velocity of
stormwater flowing into the estuaries. Studies
conducted in other regions of the country have
demonstrated water quality deterioration where
impervious surfaces cover greater than |0 percent
of the watershed area (CWP, 2003). In 2005

a study in New Hampshire demonstrated the
percent of urban land use in stream buffer zones
and the percent of impervious surface in a
watershed can be used as indicators of stream
quality (Deacon et al, 2005).

ExpranaTioN

Overall, the area of impervious surfaces in the

coastal watershed has grown from 24,349 acres
in 990 to 35,503 acres in 2000 to 41,784 acres
in 2005. On a percentage basis, 4.7 percent, 6.8
percent, and 8.0 percent of the land area in the

watershed was covered by impervious surfaces

in 1990, 2000, and 2005, respectively (Figure 19).
The number of watersheds with greaterthan

10 percent impervious surface cover was two in
1990, six in 2000, and 10 in 2005, Between 1930
and 2000, | 1,154 acres of impervious surfaces
were added to the watershed (1,115 acres per
year). Impervious surfaces were added at a slightly
higher rate between 2000 and 2005 (1,256 acres
per year). All of these summary statistics show
that impervious surfaces have been added to the
watershed at an average rate of 1,185 acres per
year overthe past |5 years,

The percent of impervious surfaces in each
coastal watershed in 2005 is shown in Figure 20.
The watersheds with greater than 10 percent
impervious surfaces are along the Atlantic Coast
and up the Route 16 corridor along the Salmon
Falls River and the Cocheco River. Town-by-town
information for 1990, 2000, and 2005 is shown

in Figure 21.

NHEP Goal: Keep the coverage of impervious
surfaces in coastal subwatersheds less than

[C percent,
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covered by impervious surfaces in
d in 1990, 2000, and 2005 (Figure 19)

Data Source: UNH Complex Systems Research Center
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Impervious surface cover in coastal .
Wwatersheds (Figure 20)°

Data Source: UNH Complex Systems Research Center

UMH STORMWATER CEMTER

The treatment and management of stormwater becomes
increasingly important with the growing amounts of
impervious surface cover in New Hampshire’s coastal
watershed. The UNH Stormwater Center, with support
from the Cooperative Institute for Coastal and Estuarine
Environmental Technology, serves as a resource to
communities and managers for information on stormwater
treatment devices and management practices. The Centar's
fleld facility tests a dozen different treatment systems,
including manufactured devices, conventional structures
such as ponds'and swales, and newer designs often referred
to at “low impact development” technologies such as
bioretention systems and gravel wetlands. The Center
monitors each treatment type for its ability to remove water
pollution constituents typically found in stormwater and
control stormwater peak flow and flow volume through
storage and/or infiltration. In workshops conducted by
UNH at the field sice, Stormwater managers, regulators,
and land use decision-makers view how the structures
function first hand, and they review monitoring data
collected for each treatment type.

Results from the first year of facility operation indicated
low impact development treatment systems typically
performed well at removing many poliutants and reducing
peak flow. Systems that included infiltration, filtration,
biclogical treatment, and/or Storage capacities tended”

to be the best performers. The most commonly used
stormwater treatment and management Systems — stone
swales — had relatively low performance. The effectiveness
of manufactured devices varied, with those that included
filtration or infiltration components performing better than
those that did not include these components,

For the latest information on the UNH Stormwarer
Center and jts reports, visic www.unh.edu/erg/cstey
" www.ciceet.unh.edu,




)

t
b

‘WHoY THIS 1S IMPORTANT

Increasing rates of land consumption per person
is an indicator of sprawl-type development.
Undeveloped land is at a premium in New
Hampshire's coastal watérshed. Accelerated
consumption of this land is a threat to the
habitats, health, and aesthetic quality of the
watershed. Sprawl is a regional issue of concern
as population in the Seacoast region continues
to increase. If development is poorly planned, it
can result in creation of unnecessary impervious
surface cover with impacts to water quality,
wildlife, and other natural resources.

Expranarion

Overall, the average imperviousness per capita
for the 42 municipalities grew from 0.152 acres
per person in 1990 to 0.20! acres per person
in 2000 to 0.217 acres per person in 2005
(Figure 22). The average value for 2005 was
higher than the average of the NHEP goals for
the individual towns (0.193 acres per person).
Only |5 of the 42 municipalities met the NHEP

goals for imperviousness per capita (Figure 23).
These statistics clearly demonstrate that land
consumption per person in the coastal watershed
is still increasing and that sprawl-type development
is still occurring,

While the average values indicate an overall
problem with sprawling growth, the impervious-
ness per capita varied between municipalities
(Figure 24). There was a marked difference in
imperviousness per capita between municipalities
with populations less than 10,000 people (0.207
acres/person) and municipalities with more than
10,000 people (0.120 acres/person). Of the 27
municipalities that did not meet the NHEP goal
in 2005, only one was a municipality with
greater than 10,000 people (Somersworth).

- As municipalities approach build out, population

growth resulis in development of smaller lots
and in mutti-storied buildings which create less
impervious surface per person than typical single
farnily homes. The linear relationship between
population and imperviousness may only be
applicable to smaller towns with abundant
undeveloped fand.

NHEP Goal: New development in coastal
watershed towns between 2000 and 2010 should
add no more than 0.1 acres of impervious surfaces

Der new resident.
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Coastal watershed towns with impervious surfaces
per capita greater than NHEP goals (Figure 23)
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COMMUNITIES PROTECTING NATURAL RESOURCES

Sprawling patterns of growth,
which are typically associated
with increases in impervious
surfaces, affect water quality
and other natural resources.
A study conducted by the

US Geological Survey and
NH Coastal Program in the
coastal watershed found that
water quality parameters and
macroinvertebrate populations
were negatively impacted

by various indicators of
development. The amounts
of urban land use in stream
buffer areas and the amounts
of impervious surface in
subwatersheds have 2 direct
bearing on water quality.

Assistance is available for
communities to develop and
implement plans to protect
natural resources in the face

.of increasing development and

growth. The Natural Resources
Outreach Cealition (NROC)
works with two to three
communities each year to

help identify imporeant natural
resources and facilitate town-
initiated activities to protect
them. As.of 2006, over 15
towns in the coastal

watershed have beriefited
from the NROC assistance.
Community-initiated projects
have resulted in improved
ordinances, land protection
projects, open space plans,
successful town votes for land
conservation funding, habitar
inventories, and increased
involvement of zitizens in
conservation activities.

Another resource is the
NHEP’s Community Technical
Assistance Program (CTAP)
that provides consulting
services to communities to
assist with regulatory and
nonregulatory approaches

to natural resources protec-
tion. Assistance is availahle
for projects related to Jand
conservation planning, storm-
water management, and buffer
protections. During the first
year of this program, eleven
communities have recejved
customized technical assistance.
For information on NROC or
CTAP, contact the NHEP at
Contact. NHEP @unh.edu or
visit www.nhep.unh.edu.
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‘Wxy THIS 1s IMPORTANT

Development of land for residential, commercial,
industrial, and other uses can eliminate or disrupt
habitats and increase stormwater runoff and
other sources of water pollution. Permanently
protecting key areas. from development will
maintain the ecosystem benefits provided by
healthy, natural landscapes.

ExpranaTioN

As of 2005, there were 54,622 acres of protected
land in New Hampshire's coastal watershed, which
represented 10.7 percent of the entire watershed
land area (Figure 25). Over the past three years,
12,037 acres in the coastal watershed have been
permanently protected from development
(4,012 acres per year on average). In order to
reach the NHEP goal of protecting |15 percent
of the watershed land area by. 2010, an additional
21,790 acres need to be protected in the water-
shed. The rate of land protection will need to
increase in order to meet the NHEP goal.

The percentage of land area that is protected in
each town is shown in Figure 26. This map shows
that progress toward the NHEP goals has been
good in the towns around Great Bay, near the
coast, and in the vicinity of the Bear Brook and
Pawtuckaway State Paris, In contrast, there is a
lower percentage of protected land in the Salmon
Falls River and Cocheco River watersheds.

Many municipalities, land trusts, and conservation
organizations, are working to protect lands from
rapidly increasing development. One especially
successful effort is guided by the Great Bay
Resource Protection Partnership (GBRPP), which
is a collaborative group of nine conservation
organization and agencies. As of December 2005,
the GBRPP has facilitated the protection of over
7,000 acres of land in the Great Bay region.

NHEP Goeal: Increase the acres of protected
private and public lands from baseline levels to

I5 percent by 2010.



Protected by The Nature Conservancy,
Lubberland Creek Preserve covers
120 acres adjacent to Great Bay

Conservation lands in the coastal watershed (Figure 25) -
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Coverage of conservation lands in municipalities
in the coastal watershed (Figure 26)
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LAND CONSERYATIONM PLAM FOR
MEW HAMPSHIRE'S COASTAL WATERSHEDS

To maintain healthy coastal ecosystems, ecologically
valuable land needs to be protected from develop-
ment. The recently completed Land Conservation
Plan for New Hampshire's Cozstal Watersheds
identifies 75 conservation focus areas wotaling over
230,000 acres that are ey targets for land protection
activities. The areas identified in the plan are
important for the protection and maintenance

of ecosystem functions and ecological integrity
throughout the coastal watershed. The conservation
focus areas were selected for their importance

in protecting water quality and aquatic resources,
promoting large forested habitat blocks, and
supporting.critical habitats and species that are
valued in the seacoast region. The plan is intended
to serve as a scientifically defensible guide to support
habitat protection activities — both through traditional
conservation approaches (e.g., fee ownership and
conservation easements) and regulatory approaches

" that limit development in high priority areas and

encourage conservation practices. The NH Coastal
Program will use the plan as the foundation for the
State’s Coastal and Estuarine Land Conservation
Program (CELCP). For more information on the
plan, go to www.nhep.unh.edu.

ko



study at three intertidal flacs in Hampron

"CWP (2003) Impacts of Impervious

The creation ;:_o.'fthe 2006 State of the Estyaries Report would

not have beenpossible without the collaborative work of many

partnering organizations and committed individuas, Special
recognition goes to the following organizations for sharing

data and coordinating efforts to help understand the statys
of New Hampshire's estuaries:

FPL Energy Seabrook Station

Great Bay National Estuarine Research Reserve

Gulf of Maine Council Gulfwatch Program

New Hampshire Coastal Program

New Hampshire Department of Environmental Services
New Hampshire Department of Transportation

New Hampshire Fish and Game Department

New Hampshire Natyra Heritage Bureay

Society for the Protection of New Hampshire Forests
University of New Hampshire

US Environmenta] Protection Agency

NHEP MANAGEMENT COMMITTEE MEMBERS

Peter Britz, City of Portsmouth

Jeannie Brochi, Us Environmental Protection Agency
Cynthia Copeland; Strafford Regional Planning Commission
Mel Cote, US Environmental Protection Agency
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Ted Diers, NH Coasta| Program

Brian Doyle, University of New Hampshire

Dick Dumore, Public Service of New Hampshire

Dave Funk, Great Bay Stewards

Brian Giles, Lamprey River Local Advisory Committee
Tom Gillick, Town of Hampton

Jennifer Hunter, New, Hampshire Estuaries Project

Pat Kelley, Wentworth by the Sea Marina

Peter Lamb, New Hampshire Charitabje Foundation
Natalie Landry, NH Department of Environmental Services

RE

Barber 8j, Langan R, and Lowel] TL
(1997) Hoplosporidiuen nelsoni (MSX)
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N UNIVERSITY of NEW HAMPSHIRE

Jackson Estuarine Laboratory, 85 Adams Point Road, Durham, ‘New Hampshire 03824  Tel, 603-862-5134, Fax. 603 -862-1101

To:.

‘Thomas'F. Irwm
Conservation Law F oundatlon -

Regardmg the waiver that has been requested by the Clty of Portsmouth to avoid upgrading -
the sewage treatment plant to secondary treatment, [ would like to provide the following
information. - am a Research Professor at the Jackson Estuarine Laboratory, University of New

1y

. )

'~ Hampshire and have worked on the Great Bay Estuary for more than 20 years

Desplte the fact that the Great Bay Estuary appears prrstrne numerous signs of ecosys’cem
degradation are evident throughout the estuary. The Great Bay Estuary is a stressed -
ecosystem as a result of high loading of nitrogen into the estuary from many sewage
treatment plants and from non-point sources as well.

The Portsmouth sewage treatment plant is the largest input of mtrogen to the-estuary, and,. -

- - despite the discharge location between Pierce and Seavey Islands, half the time, the

© -sewage input.goes up-the estuary rathér than seaward, due to the strong tidal mﬂuence .' ‘

3).

When nitrogen from the Portsmouth plant is flushed into the Great. Bay Estuary, it

-enrichies the waters, prodicing excess growth of macroalgae. The. production of these
nuisarice algae are detrimental to the overall health of the estuarine ecosystem: as areésult . .

of nitroger loading, estuarine systerns are known to become eutrophic, as evidenced in .

. Chesapeake Bay, Boston Harbor, and Waquoit Bay on Cape Cod. Under eutrophlc

conditions, the estuarine ecosystem is disrupted, low oxygen events occur (anoxia), fish

- kills occur, eelgrass beds are lost, and many functions of the estuary are lost.

When nitrogen from the Portsmouth plant is flushed out of Portsmouth Harbor seaward, 1t | ‘

forms a plume which moves down thé coast.to the south along the New Hampshire

- beaches, where again it stimulates the excessive growth of nuisance macroalgae as

)

6)

described in Popular Science (2002): “The Green Globs™.- :

The “State of the Estuary” report (2003) produced by the New Hampshlre Estuanes
Project (NHEP) documents progressive increases in nitrate + nitrite in the ‘estuary-from
1994 through 2002. This alarming increase of nitrogen levels in the estuary is ‘

- accompanied by more abundant nuisanice algae growth throughout the estuary, an
- indicator of eutrophication from nutrient over-enrichment. :

The use of a newly developed Nutrient Pollution Indicator (NPI) (Short et al. 2004)
clearly demonstrates elevated nitrogen levels in the area of the Portsmouth sewage
treatment plant. From these studies, it is clear that the primary treated sewage from the-

Portsmouth plant makes a detectable conmbutlon to the degradanon of the Great Bay

. Estuary




The bottom. line: the Great Bay Estuary is suﬁ'ermg from excess mtrogen mputs with
contributions from the Portsmouth sewage treatment plant representing a large portion of the
excess. Permitting waiver renewal for secondary treatment will increase the nutrient problem
. and poss1bly lead to the klnd of ecologloal dlsruptlon that has occurred in other estuarles

Smccrely,

Frederick T. Short, Ph.D.

Research Professor, , :
Department of Natural Resources .
fred.short@unh.edu




ATTACHMENT F



|

1- 65 |
UNITED STATES- OF AMERICA

ENVIRONMENTAL PROTECTION AGENCY

BOSTON REGION -

In the Matter of-
PUBLIC HEARING:

RE: CITY OF PORTSMOUTH, NEW HAMPSHIRE
PUBLICLY OWNED TREATMENT WORKS,
APPLICATION FOR SECTION 301 (H)

VARIANCE FROM THE SECONDARY
TREATMENT REQUIREMENTS OF THE
CLEAN WATER ACT

City Hall '
Portsmouth, New Hampshire

‘Monday
May 9. 2005

The above entitled matter came on for hearing,

pursuant to Notice at 7:00 p.m.

BEFORE: DAVID M. WEBSTER
. DAMIEN HOULIHAN
New Hampshire NPDES Permit Sectiom
Environmental Protection Agency
One Congress Street '
Boston, MA 02114

GEORGE BERLANDI .
NH Department of Environmental Services

. APEX Reporting
(617) 426-3077
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national goal would be that wherever obtainable an interim
goal- of water quality which provides for the protection and
propagatibn of fish, shellfish and wildlife, and provide for
recreation in and on the water be achieved by July 1st,

1983.
Well, when I think about the Pierce Island water

treatment plant, I think about the fact that there’s a tidal
flow and that tidal flow carries some of tﬁat effiuent down
to New Castle, where there’s a public beach. Our area
children go there. What concerms me is that we’re getting
bad water there, essentially, that these children are
?lgying in. -And granting another Wéivef would allow this
problem to continue. -

The city_claims that this would cost $30 million
per year, and goes on to discuss the aesthetics of a
secondary treatment facility, none of these which are in
consideration in regards to tﬁe élean Watexr Act‘and granting
waivers.‘ What is a comsideration is fecreétion, ahd it
concerns me greatly that this is going to be allowed in an

area where children frequent the beaches. And I think that

it’s up to ‘the EPA'tQ ﬁake Sure that the town_and the city
becomes in compliance with what is a Clean Water Act.
Thank you.
MR. WEBSTER: Thank you ve&y much.

I next call on Dr. Frederick Short.

APEX Reporting
(617) 426-3077
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DR. SHORT: Thank you. My name is Fred Short.

-1’m a research professor at the University of New Hampshire,

based at the Jackson History & Laboratory. I wanted to

speak against the waiver and particularly about the nitrogen
issue in the bey.

The Great Bay estuary is viewed as a pristine
System and the many places you can view the estuary, it

looks beautiful. It’s always pristine. But under the

waters of the estuary, the system is in trouble. There is

increasing evidence of excessive nitrogen bulldlng up in the
estuary and it’ s qulte well-documented.

As other people have mentioned, the sources of the
nitrogen have been looked imto and the Portsmouth sewage

treatment plant is determined to be the largest source of

nitrogen into the estuary. ©Now they will say that when the

tide is rumning out, that all goes downstream but the other
half of the time it all goes upstream, and it’s not hard to
flgure that those nutrients get up into the upper part of

the estuary, as well.
I mean, the salt that makes Great Bay 20 to 25

part per theusand salinity comes from the ocean and works
its way ﬁp into the ba&, so certainly the nutrients are not
flushed out of the estuary. And those that are flushed out
go into the coastal zone and go down the shore or 1nto a

little harbor, and I believe are respon51ble for the excess

APEX Reporting
(617) 426-3077
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{ of algae that’s been documented.

If you remember the green balls or the green globs
that were found two or three‘years ago on the beaches in
Hampton, those large productions of seaweed are a result of
€xcess nutrient ihputs, and I think that’s evidence of the

plume that comes out of the Plscataqua River. and Portsmouth

Harbor.

Increasing nitrogen levels in an estuary are a

problem because it increases gradually and suddenly -- all

| of a sudden you get a change in the system, a dynamic

turnover in the system. And the Prime example of that‘is

Chesapeake Bay, where in the 19805 the Chesapeake Bay

estuary ecosystem collapsed. It lost it eelgrass, it lost

its blue Crabs, its oysters, beeause the system was too
heavily loaded with nitrogen and the system fell apart. and
I’m concerned at the le?eis of nitrogen that we’re seeing
here in_the,Great Bay estuary.

, Being a professor, I brought my references - The
State of New Hampshire put out the state of the- estuary
report in 2003 and he shows a 51gn1f1cant 1ncrease in

nltrate levels in the Great Bay estuary. . And I looked up

those nitrogen levels and compared them to what the levels

were in Chesapeake Bay in the 1980s,-at the time of the

collapse, and we are as high or higher than the levels were

in Chesapeake Bay, so I think that’s a concern.

APEX -Reporting
(617) 426-3077
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' seaweeds that develop under eutrophication conditions.

a 46
And there’s other evidence. The EPA put out a
gulde to the Gulf of Maine, and one of the things it llStS

the levels of

nitrogen in the water, and it shows the coastline from
Massachusetts all the way across the coast of Maine with
green, yellow and white dots for different levels of ,
pollutior, nutrient ipput, and the Great Bay estuary is the
only site fhd& has red dots, aside from Boston Harbor.
Agaimn, anothef line of evidence suggesting that there is =z
problem.

Even Great Bay Matteré put out by tﬁe Great Bay
Estuafy‘& Research Reserve ﬁas an article talking about the
mysterious green algae that’s appearing more and more on the

shores of the bay. Greenm algae is an indicator. It only

grows because there’s excess nitrogen arcund. So I think:
the system is building up, increasing amounts of nitrogen.
Dr. Art Mathisom, who contributed a letter also

talked about other seaweeds that are called nuisance
So I

think.we’re'in danger of upsetting the balance in the Great
Bay estuary and we need to pay a lot of attention to that.
In that regard, over the last four yeérs, I’ve
developed aﬁ.environmental indicator,-ﬁhich I call &
nutrient pollution indicator, and it uses.eélgrass, which is

one of our local species,Ato detect levels. of nitrogen in

APEX Reporting
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under stress.

‘the reporting of discharge incidents in which I was

47
the system, because eelgrass grows in the water and it
integrates.the water that goes by, and we tested this alil
the way up the estuary. And as you could imagine, whén you
get close to the fivers coming in, you have higher levels of
ﬁitrogen. As you come down the estudry, those levels drop
down until you get in Portsmouth ﬁarbor, and then after you
get by the New Hampshire Port Authority, levels sfért to go
up, again, and they stay up until you get beyond Seavey .
Island and out to Portsmouth Harbor.

So what that’s séying is that we’'re detecting
higher leﬁels; elevated levels of nitrogen in the vicinity
of the Portsmouth sewage treatment discharge. So it is

having an effect on the system and I think it is a system

Thank‘you.

MR. WEBSTER: Thank you, Dr. Short.

I next call on Lee Roseberry.

MR. ROSEBERRY: Gopd eﬁening, gentlemen. I’'m Lee
Roseberry, Portsmouth resident, New Hémﬁéhiré certified
wastewater treatment plant opefatér, former 15-year employee
Qf the City of Portsmouth wastewater treatment plant.

1’ve brought to the attention to the City of

Portsmouth, to NPDES and to US EPA some questions concerning

personally involved, and T would like to ask fespectfully

APEX Reporting
(617) 426-3077
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Aquatic Botany 78 (2004) 197-216 -
‘ ' www.elsevier.com/locate/aquabot -

‘Development of a nutrient pollution indicator
“using the seagrass, Zostera marina, along
nutrient gradients in three
New England estuaries

Kun-Seop Lee?, Frederick T. Short:b’*, David M. Burdick®

& Department of Biology, Pusan National University, 30 Changjeon-dong, Kumjeong-ku,
Pusan 609-735, South Korea
b Department of Natural Résources, Jackson Estuarine Laboratory, University of New Hampshire,
' * 85 Adams Point Road, Durham, NH 03824, USA .

Received 13 June 2001; received in revised form 20 August 2003 ; accepted 15 September 2003

Abstract

Worldwide, seagrasses provide important habitats in coastal ecosystems, but seagrass meadows
are often degraded or destroyed by cultural eutrophication. Presently, there are no available tools for
early assessment of nutrient over-enrichment; direct measurements of water colurn nutrients are
ineffective since the nutrients typical of early enrichment are rapidly taken up by plants within the
ecosystem. We investigated whether, in a gradient of nutrient availability but prior to actual habitat
loss, eelgrass (Zostera marina L.) plant morphology and tissue nutrients might reflect environmen-
tal nutrient availability. Eelgrass responses to nitrogen along estuarine gradients were assessed; two
of these plant responses were combined to create an early indicator of nutrient over-enrichment.
Eelgrass plant morphology and leaf tissue nitrogen (N) were measured along nutrient gradients -
in three New England estuaries: Great Bay Estuary (NH), Narragansett Bay (RI) and Waquoit
Bay (MA). Eelgrass leaf N was significantly higher in up-estuary sampling stations than stations
down-estuary, reflecting environmental nitrogen gradients. Leaf N content showed high variance,
however, limiting its ability to discriminate the early stages of eutrophication. To find a stronger
indicator, plant morphological characteristics such as number of leaves per shoot, blade width,
and léaf and sheath length were examined, but they only weakly correlated with leaf tissue N.
Area normalized leaf mass (mg dry weight cm™2), however, exhibited a strong and consistently
negative relationship with leaf tissue N and a significant response to the estuarine nutrient gradi-
ents. We found the ratio ofleaf N to leaf mass to be a more sensitive and consistent indicator of early

* Corresponding author. Tel.: +1-603-862-5134; fax: +-1-603-862-1101.
E-mail address: fred.short@unh.edu (F.T. Short).

0304-3770/$ — see front matter © 2003 Elsevier B.V. Ail rights reserved.
doi:10.1016/j.aquabot.2003.09.010
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eutrophication than either characteristic alone. We suggest the use of thls ratio as a nutrient pollutlon

indicator (NPI).
© 2003 Elsevier B.V. All rights reserved

Keywords: Seagrass; Zostera marina; Eelgrass; Nutrients; Nitrogen; Eutrophication; Indicator; Estuary; New
England

1. Introduction

Significant declines in seagrass coverage have been reported from many coastal areas
(Short and Wyllie-Echeverria, 1996), and the declines are usually related to human activities
(Kemp et al., 1983; Cambridge and McComb, 1984; Short and Burdick, 1996; Burdick
and Short, 1999; Udy et al., 1999). Estuarine and coastal ecosystems receive increasing
amounts of nutrients as a consequence of anthropogenic loading (Valiela et al., 1992; Short
and Burdick, 1996; Tomasko et al., 1996; McMahon and Walker, 1998). Increased nutrient
loading is widely acknowledged to Impact the structure and function of coastal ecosystems
(Valiela et al., 1990; Lapointe et al., 1994).

Nutrient over-enrichment leads to nuisance algal blooms, reduced d15solved oxygen in
the water column, and decreased fish stocks (Nixon et al., 1986; Taylor et al., 1999; Deegan
et al., 2002). Increased nutrient inputs to the water column can also adversely affect sea-
grass survival and production through stimulation of growth in phytoplankton, epiphyte and
macroalgal communities (Harlin and Thorne-Miller, 1981; Short, 1987; Short et al., 1995).
Stimulation of competing primary producers caused by water column nuttient enrichment
leads to reduction of light available to seagrasses and often to their demise (Harlin and
Thorne-Miller, 1981; Van Montfrans et al., 1984; Borum, 1985; Tomasko and Lapointe,
1991; Van Lent et al., 1995).

Because of the ham1ful effects of nutnent over-enrichment on estuarine and coastal
ecosystems, early detection of eutrophication is critical for management. In New England,
eutrophication results from nitrogen over-enrichment, as estuarine systems in this region are
nitrogen limited (Ryther and Dunstan, 1971); detection of eutrophication requires focus on

' nitrogen. Direct measurement of in situ nitrogen concentrations to estimate eutrophication
is ineffective, however, as estuarine conditions both dilute and dissipate nitrogen loading
through tida] and current action as well as microbial and plant uptake. Since phytoplankton
and submerged macrophytes can remove nitrogen from the water column rapidly (Morgan
and Simpson, 1981; Short and McRoy, 1984; Stapel et al., 1996; Terrados and Williams,
1997; Lee and Dunton, 1999b) over-enrichment of coastal ecosystems rarely can be de-
tected by direct measurements of water column nitrogen concentrations. One of the general
indicators of nitrogen over-enrichment in temperate estuarine and coastal ecosystems has
‘been eelgrass (Zostera marina L.) die-off and a concomitant increase in algal competitors,
but by the time this occurs, ecosystem function has been severely disrupted (Kemp et al.,

. 1983; Orth and Moore, 1983; Short et al., 1995; Short and Burdick, 1996; Short et al., 1996).

" Managers of coastal environments would benefit from an early mdlcator of ever-enrichment

and eutrophication.
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Seagrasses respond to nitrogen enrichment both physiologically and morphologically
(Burkholder et al., 1992, 1994; Short et al., 1995; Taylor et al., 1995; Tomasko et al., 1996;
Udy and Dennison, 1997; Udy etal., 1999). Increased tissue N as aresult of N enrichment has
been reported for seagrasses (Bulthuis and Woelkerling, 1981; Harlin and Thome-Miller,
1981; Short, 1987; Duarte, 1990; Bulthuis et al., 1992; Erftemeijer et al., 1994; Alcoverro
et al., 1997; Udy and Dennison, 1997; Lee and Dunton, 1999a).” Additionally, seagrasses
from low-nutrient environments have significantly higher C:N and C:P ratios than plants
growing in high nutrient conditions (Atkinson and Smith, 1983; Duarte, 1990; Short et al.,
1990; Lee and Dunton, 1999a). Since increased external nutrient concentrations result in
increased seagrass tissue nutrient content, we hypothesized that the tissue nitrogen content
of eelgrass could contribute to an indicator of early over-enrichment.

Seagrass morphology and growth are strongly linked to-available nutrient resources.
Short (1983) reported a strong correlation between sediment N and eelgrass leaf morphol-
ogy. Plants characterized by short and narrow leaves grew in low nitrogén sediment, while
plants exhibiting long, wide leaves were found in high nitrogen sediments. Seagrass mor-
phological characteristics such as shoot height and blade width also respond to changes in

_nutrient loading (Short, 1987; Udy and Dennison, 1997; Lee and Dunton, 2000), but they
- are influenced by other environmental factors such as light ava11ab1hty, current and wave
strength, and tidal exposure.

Eelgrass leaf tissue N and plant morphology were measured along nitrogen grad1ents in
Great Bay Estuary (NH), Narragansett Bay (RI) and Waquoit Bay (MA), USA to correlate
eelgrass responses to levels of N exposure. To evaluate the geographic consistency of our
results, eelgrass physiological and morphological responses were compared among the
three estuarine systems. Many eelgrass morphological characteristics were then evaluated
to identify a measure that, in combination with leaf N, Would form arobust nutnentpollutlon

indicator (NPI).

2. Materials and methods

2.1. Study sites

. The study was conducted in Great Bay Estuary (New Hampshire; 43°05'N, 70°50'W),
Narragansett Bay (Rhode Island; 41°35'N, 71°20'W), and Waquoit Bay (Massachusetts;
41°35'N, 70°30'W) along the New England coast, USA (Fig. 1). Twenty sampling stations
in the Great Bay Estuary, seven in Narragansett Bay, and five in Waquoit Bay were located
from the mouth of each estuary to upper estuarine embayments. Water column dissolved
Inorganic nitrogen (DIN) concentrations in Great Bay Estuary and Narragansett Bay were
low in down-estuary locations and high up-estuary (Short et al., 1993). Pore water ammo-
nium concentrations were generally greatest in Great Bay Estuary, though the ammonium
regeneration rate was highest in Narragansett Bay sediments. Up-estuary, both Waquoit Bay
and Narragansett Bay showed poor water clarity.

Of the three, Great Bay Estuary had the greatest tidal range (>3 m). Water in the upper
part of Great Bay Estuary was well mixed and had consistently lower salinities and higher
summer temperatures than down-estnary in Little Bay and the’ Piscataqua River (Swift
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B. Narragansett Bay C. Wagquoit Bay

Fig. 1: Location of the three New England (USA) estuaries investigated. Study sites in Great Bay Estuary, New
Hampshire (A), Narragansett Bay, Rhode Island (B) and Waquoit Bay, Massachusetts (C). Twenty sampling
stations in Great Bay Estuary, seven in Narragansett Bay and five in Waquoit Bay were located from the mouth of
each estuary to up-estuary.
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~ and Brown, 1983; Short et al., 1986). Narragansett Bay had a greater tidal range than
. Waquoit Bay (1.0m versus 0.3 m), with a small diurnal component (Short et al., 1993).

Salinities were less variable in Narragansett Bay (29-31%o) than in the other two estuaries.
Major oscillations of eelgrass populations in the Great Bay Estuary have been linked not
to pollution or increased nutrient loading but to outbreaks of wasting disease (Short et al.,

1986; Burdick et al., 1993). Eelgrass meadows in Narragansett Bay have exhibited relatively -

high indices of wasting disease in the past, while Waquoit Bay eelgrass populations have had
* consistently low levels of infection by wasting disease. However, epiphytes and macroalgal
- and phytoplankton blooms have covered and eliminated most of the eelgrass beds that once
- existed in Waquoit Bay; the-gradient measured in Waquoit Bay ranged from oligotrophic
outside the Bay to elevated levels of nutrient loading in various sub-estuaries (Short and
Burdick, 1996). The upper parts of Narragansett Bay have been exposed to very high nutrient

loads for decades (Nixon and Pilson, 1983); no eelgrass exists in the uppermost reaches of

the bay..
2.2. Plant collectz'oh and morphological measurements

Ten mature termmal eelgrass shoots were collected individually from a boat using a

sampling hook at each sampling station during June 1998 in Waquoit Bay and September .

1999 in Great Bay Estuary and Narragansett Bay. Sheath length was measured to the nearest
1.0mm from the meristem to the top of the outermost intact sheath. Shoot helght was
measured to the nearest- 1.0mm and the width of the longest leaf was. measured to the

nearest 0.2 mm. The number of leaves per shoot was counted. All epiphytes were carefully

scraped from the longest intact leaf using a razor blade, placed onto a pre-weighed glass
fiber filter, and dried at 60°C to.a constant weight. Eplphyte biomass was quantified on
a leaf area basis (mg dry weight epiphyte cm™2 leaf). Wasting Index was measured as a
percentage of diseased area for each leaf and then averaged for each shoot (Burdick et al.,

. 1993).

- We measured aréa normalized leaf: mass, , which we refer to simply as “leaf mass” (mg dry .

weight cm™2 leaf area), a weight per area of plant tissue similar to the “leaf weight per leaf
area” of Olesen and Sand-Jensen (1993) and the inverse of specific leaf area (SLA) used
by Olesen et al. (2002). Leaf mass was determined on the sécond and third youngest leaves
of each shoot. All epiphytes were removed from these leaves; six 10 cm long sections of
constant width were cut from the leaves to obtain samples of mature leaf tissue. The cleaned
leaf sections were dried at 60 °C to constant weight and leaf mass was quantified.

2.2.1. Leaf C and N content ,

Leaftissue Cand N content were determined from tissues ofthe second and third youngest
leaves for each shoot. Dried leaf material was ground to pass through a 40 mesh screen in a
Wiley mill, and 2-3 mg of ground tissue was used to determine leaf C and N content using
an elemental analyzer (Carlo Erba Nitrogen Analyzer 1500); molar C:N was calculated.

2.2.2. Statistics .
-All values are reported as means i 1 standard error (S.E.). Data were tested for normahty
and homogeneity of variance to meet the assumptmns of parametric statlstlcs. Signifi-
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cant differences in seagrass morphological parameters and tissue nutrient content among
-sampling stations-within-an- estuary-were-tested-using - 1-way. ANOVA, .as-were significant
differences in parameters among the three estuarine systems. When a significant difference
was observed, the means were analyzed by Tukey’s multiple comparison test to determine
where the significant differences occurred within and among estuarine systems. Slopes of
linear regressions between variables were tested for significance.

3. Results
3.1. LeafN content -

Eelgrass leaf N content in the Great Bay Estuary ranged from 2.1 t0.3.5% dry weight, and
was significantly (P < 0.001) higher in up-estuary stations than in those seaward (Fig. 24).
Sampling stations at the mouth of the estuary, where water is well mixed with ocean water,
had the lowest plant tissue N content. Eelgrass leaf C content in the Great Bay Estuary also
differed significantly (P < 0.001) among sampling stations, but there was no discemable
pattern (Table 1). The C:N in eclgrass leaf tissue exhibited an inverse trend to leaf N content
and was higher in down-estuary stations and lower in up-estuary stations (Fig. 3A).

In Narragansett Bay, eelgrass leaf N content varied little, from 2.0 to 2.3% (Fig. 2B), and
differences between stations were not significant (P = 0.072). Leaf C content was lower in
stations down-estuary than up-estuary and was significaritly (P < 0.001) different among
sampling stations (Table 1). The C:N was not significantly (P = 0.41) different among the
Narragansett Bay stations (Fig. 3B). .

In Waquoit Bay, eelgrass leaf N content ranged from 1.6 to 2.4% and was significantly
(P < 0.001) lower at the two stations located outside (W1) and just inside (W2) the mouth
of the estuary (Fig. 2C). The C:N decreased significantly (P < 0.001) along the gradi-
ent in Waquoit Bay (Fig. 3C), showing a similar, but inverse, trend to leaf N content.
Leaf C content showed significant differences between sampling stations but no clear trend
(Table 1). _

Comparing the three estuaries, mean values of eelgrass leaf N content (Fig. 2) were
significantly (P < 0.001) higher in the Great Bay Estuary (2.8% N) than in Narragansett
Bay (2.1% N) and Waquoit Bay (2.0% N). Mean C content (Tzble 1) was significantly
(P < 0.001) lower in Narragansett Bay (35.5% C) than in the Great Bay Estuary (37.9%
C) and Waquoit Bay (37.8% C). The C:N (Fig. 3) was highest in Waquoit Bay (22.6),

‘intermediate in Narragansett Bay (19.5), and lowest in the Great Bay Estuary (16.4).

3.2.. Leaf' mass and plant morphology

. Leafmass in the Great Bay Estuary varied between 1.7 and 4.8 mg dry wt. cm™2 leafarea,
and was significantly (P < 0.001) higher seaward than at up-estuary stations (Fig. 4A). In
Narragansett Bay and Waquoit Bay, leaf mass was also significantly (P < 0.001) higher
seaward (Fig. 4B and C). Mean leaf mass varied among the three estuaries and was highest
in Narragansett Bay (5.1 mg cm™2) and lowest in Great Bay Estuary (3.0 mg cm™2; Fig. 4A
and B).
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Fig. 4. Leaf mass from the mouth of the estuary to up-estuary in Great Bay Estuary (A), Narragansett Bay (B),
and Waquoit Bay (C). B
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Table 1 )
Morphological parameters, epiphytes, Wasting Index and leaf tissue nutrient content of Zostera marina along

nutrient gradients in Great Bay Estuary, Narrangansett Bay and Waquoit Bay.

Site  No. of leaves Sheath Shoot height Leafwidth Epiphytes Wasting Leaf C content

(Leaves shoot™!) length (cm) (mm) " (mgem™2) Index (%) (%)
(cm) ’ :

Great Bay : ‘ :
Gl 45402 144+£1.0 599+£39 43+£02 0.013 1,605 383£04 )
G2 42402 282+1.6 113.1+78 4.8+4+0.1 102419 379403
G3 39403 . 174+13 -781x51; 45+01 0013 104426 386%0.2
G4 46402 232+1.9 1065£83 57402 0.003 151429 37.1+04
G5 4.6 +0.2 167+£1.1 753+54 46402 0.010 6.6+15 387x£0.9
G6 45+02 195+£0.7 90.6£34 58+01 0.679 77+24 364402
G7 39% 02 175421 73.6£95 42403 0.004 9.1+25 378=£0.5
G8 4.6_:!: 0.3 . 15.0+19 768+£99 41402 0.192 - 67+28 381402
G9 - 35+£02 11.6£09 462+44 34£02 0165 . 49+£19 385403 .

" G0 35402 126£0.7 58.6+t49 45402 0.008 1.0+04 36702
Gll 4.6£0.2 ) 1554 1.0 802+47 49+02 0.066 0.3 +03 37.8%£0.2
Gl2 3.1£04 178411 728+56 43+02 0009 . 62+£09 37.2£0.0
G13 39+£0.2 152423 64.1+£96 3.8+03 0580 - 1715 367+02

"Gl4 47403 . 1204+ 0.8 58.6+3.7 44+03 0.017 54417 392404
Gl5 40+£03 - 142£1.0 69.8+6.8 39+02 0355 3.8+1.0" 38.8+0.9
Gl6 43+0.2 20708 863445 38%£01 0013 1.5+05 375+03 .
Gl17 49£0.1 - 186+£13 87.0+61 48+£02 0.016 - 12406 379405
GI8 45+02 13906 66749 43+£02" 0.035 " 074+03 37.8+04
G19 3.8+£02 153+£13 793+£67 42£0.1 0.007 1.3£08 37.6%£0.8
G20 41+£02 98405 505+37 42k£02 0.000 10.5+£2.9 38740.2-

Narragansett Bay ’ )

N2 3302 © 229425 1120%£53 3.7£02 0.031 . 347+£0.3
N3 33%x02 ©220%+13 743433 52402 1.285 352+£0.3
N4 27+02 21,5+ 1.0 84.0%+55 4702 0.567 ' 348+ 0.1
N5 3.1+02 12714 547+£45 44+£02 0292 357+0.2
N6 2.9%02 133+£09 63.7£28 44+02 0.124 36.1£0.1
N7 33%02 14115 712£73 43£02 36.1+£0.3
N8 27402 89+09 364£37 3.0%£01 - 1.266 - -.361£02
‘Wagqouit Bay '
W1l 39+02 . 63.8+46 43+£0.1 0.000 37.8+£0.1
W2 4.0£00 490+44 49+£02 0.000 . ’ 382+£02
W3 42403 . 482+2.6 53£04 0.007 372402
W4 42403 - 78.0+38 47+02 0.035 ' 384+02

W5 42x03 31,620 48+£03 0.052 374£03

Values are mean == S.E.

Number of leaves per shoot was significantly (P < 0.001) different among sampling
stations in Gréat Bay Estuary, but there was no trend along the estuarine gradient (Table 1).
Numbers of leaves per shoot were not significantly different-among the sampling stations in
either Narragansett Bay or Waquoit Bay (P = 0.06 and 0.77, respectively; Table 1). Mean
leaf number per shoot was lowest in Narragansett Bay (3.0), and was not significantly
different between Great Bay Estuary (4.2) and Waquoit Bay (4.1; Table 1). Sheath lengths
were significantly (P < 0.001) longer in down-estuary than up-estuary stations in both



K.-S. Lee et al:/ Aquatic Botany 78 (2004) 197-216 . . 207 -

Great Bay Estuary and Narragansett Bay, and were not significantly (P = 0.58) different

between these two estuaries (Table 1). Sheath lengths were not measured in Waquoit Bay.
Shoot heights varied throughout Great Bay Estuary, with no clear pattern along the gradiént
(Table 1), although taller plants were associated with déeper water. In Narragansett Bay,
shoot height was greatest at the mouth of the estuary and least in the upper estuary. In
Wagquoit Bay, shoots were significantly (P < 0.001) shorter at theé mouth of the estuary.
Shoot heights varied in the three estuaries: the plants were significantly taller in Great Bay

Estuary (74.7 cm) and Narragansett Bay (70.9 cm) than in Waquoit Bay (54.1 cm; Table 1). .

Leaf Mas
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Leaf widths varied significantly (P < 0.001) between stations in Great Bay Estuary and
between-stations-in-Narragansett-Bay- but were-not-significantly different-(P =-0:07)-in "
Waquoit Bay. Leaves were significantly (P < 0.01) wider in Waquoit Bay (4.8 mm) than
in the Great Bay Estuary (4.4 mm) and Narragansett Bay (4.2 mm; Table 1) Leaf widths
showed no significant trends within each estuarine system.

-3.3. Epiphytes and Wésting Index

Epiphyte biomass did not show any clear trends along the estuarine gradient in Great
Bay Estuary or Narragansett Bay. In Waquoit Bay, eelgrass leaves had more epiphytes
up-estuary than seaward (Table 1). Mean epiphyte biomass was highest in Narragansett Bay
(0.59 mg cm~2 leaf area) and lowest in Waquoit Bay (0.02 mg cm™—2 leaf area; Table 1).

The extent of the wasting disease on eelgrass shoots was assessed using the Wasting
Index (Burdick et al., 1993) for Great Bay only because very low levels of wasting disease
were observed in Waquoit and Narragansett Bays during the study. Wasting Index in Great
Bay Estuary was significantly (P < 0.001) higher in seaward than in up estuary stations,
although stations 1 and 21 were exceptions (Table 1).

3.4. Relationships between leaf N content and plant characteristics

Eelgrass leaf N content exhibited negative relationships with leaf mass in all three estu-
arine systems (Fig. 5). Slopes of regression lines for these two parameters were similar for
Great Bay Estuary and Waquoit Bay, but the slope was steeper for Narragansett Bay. The
correlation between tissue N content and leaf mass was significant when values of the three
estuaries were combined (Fig. 6). .

7 - . A y = -2.07x + 8.72

A =064
p <0.01

Leaf Mass ( mg cm™2).

® Great Bay Estuary
1 - ANarragansett Bay
W Waquoit Bay '

0 T T T T T T

1 14 18 22 26 3 34 38
Leaf Nitrogen Content (%)

Fig. 6. Relationship between leaf nitrogen content and leaf mass for the three estuarine systerns. .

I
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Fig. 7. (Continued).

In Great Bay Estuary, leaf N content did not significantly correlate with any other plant
morphological characteristic, with epiphyte biomass, nor with Wasting Index (Fig. 7). In
Narragansett Bay, leaf N content negatively correlated with sheath length and shoot height
and positively correlated with leaf tissue C content (Fig. 7). Leaf tissue N content showed
positive correlations with number of leaves per shoot and epiphyte biomass in Waquoit Bay

(Fig. 7).
3.5. Ratios of leaf N content to leaf massb

" Mean ratios of eelgrass leaf N content to leaf mass (NPI) ranged from Q.4'to 2.2 inthe
Great Bay Estuary, and were significantly (P < 0.001) higher up-estuary than seaward
(Fig. 8A), In Narragansett Bay, the mean ratios varied from 0.3 to 0.6, and also showed
significant differences (P < 0.001) among sampling stations (Fig. 8B). The mean ratios in
Waquoit Bay, which ranged from 0.3 to 0.8, were lowest at the seaward station (W1) and
were significantly (£ < 0.001) higher in the upper parts of the estuary (Fig. 8C).

4. Discussion

Dissolved inorganic nutrient concentrations in the water column can be measured directly,
but such measures represent only the instantaneous nutrient status after rapid uptake by
. primary producers and dilution. The nutrient content of marine plants responds to the
nutrient availability and motion of the surrounding waters (Fonseca and Kenworthy, 1987;
Carpenter et al., 1991; Fong et al., 1994b; Hurd et al., 1996; Stevens and Hurd, 1997).
Marine plant tissue nutrient content has thus been suggested as an indicator of environmental
nutrient history (Atkinson and Smith, 1983; Duarte, 1990; Short et al., 1990; Fong et al.,
1994a; Fourqurean et al., 1997). To derive a robust indicator of nutrient overenrichment,
we conducted a space-for-time substitution using nutrient gradients to evaluate ‘eelgrass

. response to nifrogen availability in three estuaries.
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Fig. 8. The Nutrient Pollution Indicator (NPI), defined as the ratio of leaf nitrogen content (% N) to leaf mass,
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For eelgrass, we found leaf N content provides an integrated measure of environmen-
tal nitrogen experieniced by the plants. Unfortunately, similar to previous investigation
(Fourqurean et al., 1997), we found that eelgrass N content alone was often too variable to
clearly demenstrate significant differences in nitrogen availability. Eelgrass morphological
characteristics such as number of leaves per shoot, blade width, sheath length and shoot
height correlated only weakly with eelgrass leaf tissue N content, and these relationships of
plant morphology to N content were not consistent for the three estuarine systems (Fig. 7).
After analyzing many plant characteristics, a second variable, leaf mass (area normalized,
i.e., weight of leaf tissue per unit leaf area), was found to vary consistently with changes
in nitrogen availability across a range of enrichment, and the relationship was significant
when values of the three estuaries were combined (Fig. 6). Further, its response was highly
correlated to, and inverse to, that of eelgrass leaf N content;.as nitrogen available to the
plants increased, leaf mass decreased.

We found that leaf N content alone could not significantly separate samplmg stations
located along the nitrogen gradient in Narragansett Bay (Fig. 2B), but ratios of leaf N
content to leaf mass were significantly different along the gradient (Fig. 8B). In Great Bay
Estuary, the highest leaf N content (3.5%) was 1.7-fold greater than the lowest (2.1%),
but the highest ratio of leaf N content to leaf mass (2.2) was 5.5-fold that of the lowest

' ratio (0.4). These differences in scale between measures of leaf N content alone and ratios
of leaf N content to leaf mass indicate the greater sensitivity of the ratio to changes in
environmental nitrogen. By combiningleaf N content and leaf mass in aratio (leaf N (%):leaf
mass), changes in both plant nitrogen chemistry and plant morphology are captured by
the NPI.

Because seagrasses can take up inorganic nitrogen from both the sediment and the water
column (lizumi and Hattori, 1982; Thursby and Harlin, 1982, 1984; Short and McRoy,
1984; Stapel et al., 1996; Pedersen et al.,, 1997; Terrados and Williams, 1997; Lee and
Dunton, 1999b), eelgrass leaf N.content reflects the nitrogen availability in both, which are
not separated by using rooted plants for the NPI. Although the NP1 is useful as applied here
for detecting changes in nutrient gradients within an estuarine system, testing of hydropon-
ically deployed eelgrass is necessary for direct comparison between estuaries (Lee et al., in
preparation).

Primary producers compete for i morgamc nutrients in the water column (Fong et al
1994b). Since phytoplankton (in the water column) and epiphytes (on the seagrass blade
surface) encounter nutrients released to the water before these nutrients reach seagrasses,
they out-compete seagrasses for nutrients (Short et al., 1995). Excessive nutrient loading
in an estuary can convert the seagrass-dominated community to a plankton-dominated or
macroalgal-dominated ecosystem, or a system with excessive amounts of epiphytic algal
growth on the seagrass (Short et al., 1993). Narragansett and Waquoit Bays already have
converted to phytoplankton and macroalgal dominance, respectively, and have lost large
amounts of their seagrass habitat (Valiela et al., 1992; Short et al., 1993). Nutrients entering
Narragansett Bay and Waquoit Bay are likely taken up by various algal communities first,
with eelgrass leaves exposed to the remaining nutrient concentrations. Nutrient competition
among primary producers may be a cause of the lower leaf N content of eelgrass growing

" in Narragansett Bay and Waquoit Bay (Fig. 8B and C). Belgrass leaf tissue N content is
likely not fully representative of the nitrogen regime of estuarine systems which have large .
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populations of phytoplankton or macroalgae, making the NPI useful primarily at early stages
of overenrichment.

‘In conclusion, e¢lgrass leaf N content reflected the environmental nitrogen exposure
which plants experienced. Plant morphological characteristics such as number of leaves
per shoot, blade width, sheath length and shoot height showed inconsistent trends along
the three estuarine gradients and correlated only weakly with eelgrass leaf N content. Leaf
mass showed strong and consistent negative correlation with all three nitrogen gradients and
with eelgrass leaf N content, suggesting that leaf mass also refiects environmental nitrogen.
The ratio of eelgrass leaf N content to leaf mass (NPI) provides a robust and sensitive early
~ indicator of overenrichment. Further testing of the NPI will evaluate temporal differences
and relate the indicator to absolute nutrient exposures.
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Jennifer Hunter of the New Hampshire Estuaries Project will be the lead PI for the project.
Resumes for all the PIs are provided at the end of this narrative.

Environmental Results

This project will benefit the environment by establishing numeric nutrient criteria for New
Hampshire’s estuaries which protect eelgrass habitat.

Project Description

A. General Summary Statement of Project Goal & Justification

Increasing nitrogen concentrations (Figure 1) and declining eelgrass beds in Great Bay (Figure 2)
are clear indicators of impending problems for NH’s estuaries (NHEP, 2006). The NH
Department of Environmental Services (DES) is responsible for developing nutrient criteria for
NH’s estuaries. DES, in collaboration with the New Hampshire Estuaries Project (NHEP), began
this process with the formation of a workgroup in 2005. The NHEP Coastal Scientist, a DES
employee, is coordinating the work to undertake this process, with input from the workgroup.
Information from the workgroup meetings is available at
www.nhep.unh.edu/programs/nutrient.htm. This workgroup adopted eelgrass survival as the
water quality target for nutrient criteria development for NH’s estuaries.

Eelgrass survival is largely dependent on light availability. The NHEP Coastal Scientist has
undertaken a review of the water clarity data for NH’s estuaries. There are three important
constituents in the optically complex coastal waters: phytoplankton, non-algal particulates, and




colored dissolved organic matter (CDOM, IOCCG 2000). These constituents, by changing the
Inherent Optical Properties (IOPS), affect water clarity or more precisely the magnitude of light
attenuation, an Apparent Optical Property (AOP, see Mobley, 1994). Preliminary results
indicate that CDOM is the major factor controlling water clarity. However, NHEP is not able to
draw strong conclusions from these results because of significant datagaps and a large degree of
spatial heterogeneity in NH’s estuaries.

Therefore, the NHEP is seeking funding to support an instrumented buoy in Great Bay, which
will be managed by the University of New Hampshire (UNH) Coastal Observing Center, to
gather sufficient data to resolve uncertainties in relationships between parameters. Funding will
also support coordinated collection of spatial data from aerial imagery and flow-through surveys
to characterize spatial heterogeneity in water quality parameters. The goal of the research is to
develop a scientifically defensible conceptual model of the relationships between water clarity
and water quality parameters. The conceptual model will be the basis of nutrient criteria for
NH’s estuaries. A secondary goal of the project is to demonstrate the value of integrating buoy-
based measurements with aerial imagery and flow-through surveys to map heterogenelty in water
quality parameters within estuarine and near-coastal systems.

Figure 1: Dissolved inorganic nitrogen concentrations in Great Bay (NHEP, 2006)
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Figure 2: Eelgrass cover and biomass in Great Bay (NHEP, 2006)
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B. Plan for Tracking and Measuring Progress Towards Achieving the Expected Project Qutputs
and Outcomes

The expected outputs for this project are results of research which supports development of

environmental results-based nutrient criteria for estuaries, specifically:
A) A single or multi-variate model between the light attenuation coefficient and
concentrations of CDOM, turbidity/suspended solids, and chlorophyll-a for the Great Bay
system which can be used to develop numeric nutrient criteria;
B) Maps of the distribution of CDOM, turbidity, and chlorophyll-a (and light attenuation
using the model described above) on at least two different days for the entire Great Bay
system; and ‘ '

) 'C) A calibrated light availability model for the Great Bay system.

All three of the outputs will support the expected outcome of developing numeric nutrient
criteria for water clarity and, therefore, the protection of eelgrass beds. Eelgrass is a critical
estuarine habitat. The protection of this habitat would benefit all users of the estuary: fish,
waterfowl, and humans.

Presentations of the plans for the studies and the results of the research will be made to the
NHEP Technical Advisory Committee, which is serving as the advisory group to DES on the
process of developing nutrient criteria.

Progress toward achieving these outputs will be documented in one interim and one final report
to EPA. The desired outcome will be achieved when NHEP makes a recommendation to the
Water Quality Standards Advisory Committee for a water clarity based water quality criterion
for NH’s estuaries.




C. Project Description

The project will be completed in the Great Bay estuarine system of NH and Maine. This area
encompasses the Great Bay, Little Bay, Piscataqua River and some or all of the tidal portions of
the Winnicut, Squamscott, Lamprey, Oyster, Bellamy, Cocheco and Salmon Falls Rivers (Figure
3). Approximately 40 square kilometers of estuarine waters will be part of the study area.

Figure 3: The Great Bay Estuary
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The project will be completed by a partnership of the New Hampshire Estuaries Proj ect, the NH
Department of Environmental Services, and the University of New Hampshire.

The NHEP is part of EPA’s National Estuary Program, and is coordinating the nutrient criteria
development process through its Techrical Advisory Committee, with the NHEP Coastal
Scientist leading the work. The NHEP’s latest “State of the Estuaries” repott highlighted declines
in eelgrass beds and increases in nitrogen concentrations in Great Bay (available at

www.nhep.unh.edu).




DES is responsible for developing nutrient criteria in NH’s estuaries and has completed the
initial evaluation of water clarity data (available at www.nhep.unh.edwprograms/nutrient.htm).

The UNH Coastal Observing Center, an I0O0S pilot project funded through the NOAA Coastal
Services Center, has deployed an instrumented buoy in Great Bay in 2005 and 2006. This group
also conducts periodic cruises throughout the Great Bay system with flow-through instrument
array to document spatial heterogeneity of water quality parameters (UNH, 2005; UNH, 2006).
The UNH Marine Program conducts routine monitoring of water quality at seven stations
distributed throughout the estuary for the Great Bay National Estuarine Research Reserve, the
NHEP, and UNH research.

The project will consist of three parts.

For the first task of the project, UNH Coastal Observing Center will redeploy a moored buoy in
Great Bay (Figure 4) with appropriate sensors for measuring the hyperspectral light field
including attenuation coefficients and the remote sensing reflectance, as well as CDOM
turbidity, chlorophyll-a, nitrate, and other physico-chemical parameters :
(http.//www.oooa.unh.edu/buovdata/buoy.lsp). These parameters will be measured in-situ on a
30 minute time step. The large volume of data on all the parameters related to light attenuation,
collected over a broad range of environmental and optical conditions, will make it possible to-
derive a statistically significant relationship to predict water clarity from water quality
parameters (Output A).

Figure 4: Buoy and sampling locations within the Great Bay Estuary
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For the second task of the project, the NHEP will arrange for at least two overflights to collect
hyperspectral imagery of the entire Great Bay system. The overflights will be conducted by
SpecTIR (www.SpecTIR.com). SpecTIR proposes an airborne data collection with the VNIR
sensor with a spatial resolution of 2.5 meters for the area of interest (Figure 5, in red), and a

- nominal spectral resolution of 10nm or 64 spectral channels from approximately 430 nm to 1000
nm. The delivered product will consist of calibrated radiance and geographic lookup tables with
navigation. Navigation will be performed with high speed airborne DGPS integrated with a laser
ring gyro. Personnel in the company have more than 10 years in the planning of hyperspectral
flights and the collection/processing of airborne hyperspectral data. Specifications for the
SpecTIR VNIR sensor are appended to this workplan.

Figure 5: Area for hyperspectral imagery collection (shown in red)
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The overflights will be coordinated with times of buoy operation, grab sample collection and
flow-through surveys to ground truth the imagery. Field sampling and buoy operation will be
completed by the UNH Coastal Observing Center and the UNH Marine Program. The flow-
through transects will continuously measure water temperature, salinity, chlorophyll-a, and
colored dissolved organic matter. Grab samples will be analyzed for physico-chemical



‘parameters, dissolved nutrients, total nutrients, chlorophyll-a, total suspended solids, CDOM,
and water clarity (measured in the field). A custom profiling package will measure the vertical
distribution of the IOPs with a hyperspectral attenuation-absorption meter and nine channel
backscattering meter (ACS and BB-9 WetLABS Inc). Laboratory based measurements of
absorption spectra for the optically important constituents from discrete water samples will help
with the interpretation and validation of profiler measurements (Mitchell et al, 2000). At six
stations (Figure 4), the UNH Marine Program operates in-situ datasondes deployed on buoys
which measure temperature, salinity, dissolved oxygen, pH and turbidity on a 30 minute time
step. The combination of in-situ moored measurements, flow-through measurements, and grab
samples will be used to ground truth the aerial imagery.

After calibrating the hyperspectral imagery with the ground truth measurements, the UNH
Coastal Observing Center will analyze the imagery to map the distributions of chlorophyll-a,
CDOM, particulates, and benthic light availability throughout the system (Output B). The
combination of aerial imagery and ground truth measurements has been proven to be effective at
producing accurate maps of water quality parameters (Sugumaran et al., 2005) and submerged
‘aquatlo vegetation (Dierssen et al, 2003).

For the third task of the study, UNH Coastal Observing Center will apply a multi-spectral
radiative transfer model (Hydrolight, Sequoia Inc.) to the Great Bay to predict light availability
to eelgrass under different water quality conditions. The model will be customized to Great Bay
conditions using the information from the first part of the study. By comparing the model output
to the measured light availability, UNH will be able to venfy consistency with optical theory

(Output C).

s

Finally, this project has been designed to meet many of the aims and goals of the Integrated
Ocean Observing System (IOOS) by facilitating the use of observing system measurements by
those involved in managing the state’s coastal water. Funding for the initial development and
deployment of the Great Bay Coastal Buoy was derived from an IOOS pilot project from the
NOAA Coastal Services Center to the Coastal Observing Center at UNH.

. No human subjects or research animals will be used for this study.

D. Deliverables and Schedule -

1. Prepare quality‘assurance project plan — due one month after receipt of award.
This report will document the methods to be used for the study and the quality assurance
procedures. The plan will be approved by project partners and EPA Region I.

2. Purchase sensor equlpment and deploy buoy — due by 7/15/07

UNH Coastal Observing Center will purchase, with separate funds, a junction box and other
equipment needed to measure hyperspectral light intensity at two depths in the water and one
location in the air. The buoy will be deployed in the middle of Great Bay at approximately
43.0715 degrees N latitude and 70.8677 degrees W longitude (Figure 4).




3. Obtain hyperspectral aerial imagery — due by 10/31/07
SpecTIR will obtain hyperspectral band imagery for the study area on two different dates
between 7/15/07 and 10/31/07.

4. Collect water quality data from flow-through surveys and grab samples — due by 10/31/07
UNH Coastal Observing Center will measure water quality parameters along transects using a
flow-through sampling device on the same date as the hyperspectral aerial imagery. UNH
Marine Program will collect grab samples for water quality parameters at seven stations and
operate six in-situ datasondes on the same date as well (Figure 4). These data will be used for
ground truthing the aerial imagery.

5. Present preliminary results to nutrient criteria work group — due by 12/31/07

NHEP will present the preliminary results of the project to the nutrient criteria workgroup during
the fall of 2007. The group will provide feedback on the results and guidance for additional
analysis.

6. Interim status report — due 12/31/07

The NHEP will prepare a report to EPA on the status of the project. The interim status report will
summarize the field data collection activities that occurred in 2007 and will note any
dlscrepanc1es from the QAPP.

7. Final report — due 6/30/08
The final report will contain the planned outputs for the project (hsted below), conclusions and
recommendations.
Planned Outputs
A) A single or multi-variate model between the light attenuation coefficient and
concentrations of CDOM, turbidity/suspended solids, and chlorophyll-a for the Great Bay
system which can be used to develop numeric nutrient criteria;
B) Maps of the distribution of CDOM, turbidity, and chlorophyll-a (and light attenuation
using the model described above) on at least two different days for the entire Great Bay
system; and :
C) A calibrated light availability model for the Great Bay system.

8. Present results to nutrient criteria work group — due by 6/30/08
"NHEP will present the results of the project to the nutrient criteria workgroup during the spring

0f2008.

9. Recommendation to the Water Quality Standards Advisory Committee — due 12/31/08
The nutrient criteria workgroup (staffed by DES) will prepare a white paper to present its
recommendations to the WQSAC.

E. Cost
The total cost of the project will be $70,000. An itemized budget is attached.



Program Capability Information

National Estuary Program Annual Assistance Agreements (2004, 2005, 2006)

Awardee: New Hampshire Estuaries Project (University of New Hampshire)

Funding Source: EPA National Estuary Program (CFDA: 66-456) ,

EPA Project Manager: Jean Brochi, EPA Region 1, 617-918-1536, brochi jean@epa.gov

Project Period: New Annual Agreements each year, variable in length

Total Project Cost: Roughly $1,000,000 per year ($500,000 National Estuary Program funds and
$500,000 non-federal matching funds)

Achievement of Technical Success: The NHEP is part of the EPA National Estuary Program
which is a joint local/state/federal program established under the Clean Water Act with the goal
of protecting and enhancing nationally significant estuaries. The NHEP has a 4-person staff, plus
support from the University of New Hampshire Office of Sponsored Research and Business
Service Center. A 27-person Management Committee oversees the work of the NHEP, sets
program priorities each year, and approves the annual workplan. The annual workplan clearly
defines what activities the NHEP will undertake with available funding each year. The NHEP’s
Comprehensive Conservation and Management Plan for New Hampshire’s estuaries was
completed in 2000 and implementation is ongoing. The Management Plan outlines key issues
related to management of New Hampshire’s estuaries and proposes strategies that are expected
to collectively preserve and protect the state’s estuarine resources. As of 6/30/06, the NHEP had
initiated activities for all of its 45 highest priority action plans that are part of the original
Management Plan. Of these, six have been completed or fully implemented (in the case of
ongoing action plans). The NHEP has also implemented a successful monitoring program which
integrates environmental data from State agencies, UNH, and other organizations (NHEP, 2004).
The NHEP, through its contractors, conducts annual monitoring of the water quality, shellfish
resources, eelgrass habitat and land use in the coastal watershed. Each year the NHEP manages
about $60,000 to $70,000 worth of contractual work related to estuarine monitoring. The NHEP

~develops work scopes and budgets for all monitoring work, manages subcontracts, and manages

data that are collected through these efforts. In addition to monitoring, the NHEP conducts
activities and manages contractors’ work in the areas of habitat protectlon restoration, water

quality improvements, and community outreach.

F ulﬁllment of Reporting Requirements: Reportmg 1s completed by the NHEP in a number of
ways:

e The NHEP is required to prepare an annual workplan for the EPA award. In this
document, the NHEP reports on the activities completed in the previous year in
fulfillment of previous work plan objectives. The NHEP has submitted workplans to
EPA each year on or about June 30. See the last 3 work plans for more details:

o Year 9 Work Plan: http://www.nhep.unh.edu/resources/pdf/nhepyearnine-nhep-04.pdf

o Year 10 Work Plan: http://www.nhep.unh.edu/resources/pdf/nhepyearten-nhep-05.pdf

o Year 11 Work Plan: http://www.nhep.unh.edu/resources/pdf/nhep_vyear_eleven- nhep-
06.pdf

e The NHEP tracks implementation progress in a database that records staff activities and
contractor activities related to management plan actions. The database is sent to the EPA
project manager each quarter. The EPA project manager can generate quarterly and final
reports for each assistance agreement from the database.




o The NHEP provides EPA with the individual final reports for all projects funded by the
NHEP (e.g., subawards granted by the NHEP and activities completed by NHEP staff in
fulfillment of activities identified in the annual workplans).

o As part of GPRA reporting, the NHEP reports yearly to EPA on habitat acres protected or
restored; funds leveraged by the program; Management Plan implementation progress;
and environmental indicators used by the program.

o Finally, every three years the NHEP submits a comprehensive implementation report to
EPA as part of its triennial implementation review. (see the most recent submittal at
http://www.nhep.unh.edu/resources/pdf/implementation_review-nhep-06.pdf)

National Coastal Assessment

Awardee: NH Department of Environmental Services

Funding Source: EPA Office of Research and Development

Funding Source Contact: Charlie Strobel, EPA, 401-782-3180, strobel.charles@epa.gov
Project Period: 7/1/01 — 6/30/05 :

Total Project Period Cost: $750,832

Achievement of Technical Success: The National Coastal Assessment was a national initiative to
conduct probability-based monitoring for all estuarine waters in the United States. EPA
supported a four year monitoring effort through seed funding and training. EPA developed a
cooperative agreement with DES to conduct the NCA monitoring in NH. DES partnered with
UNH to complete the work. UNH staff were responsible for field operations, sample handling,
and laboratory analysis. DES staff were responsible for project management, data management,
quality assurance and reporting. All of the required tasks for the National Coastal Assessment in
NH were successfully compléeted. All of the data were provided to EPA promptly and have
subsequently been uploaded to the DES Environmental Monitoring Database (which ultlmately

uploads to STORET).

Fulfillment of Reporting Requirements: The cooperative agreement required semi-annual
progress reports to EPA. During the past five years, progress reports were sent to EPA on
2/13/03, 7/30/03, 2/13/04, 7/29/04, 1/24/05, 10/6/05, 3/31/06, 8/7/06, and 1/31/07. Quarterly
MBE/WBE reports were filed with EPA Region I on 7/25/03, 10/22/03, 1/30/04, 4/22/04,
7/15/04, 10/15/04, 1/14/05, 4/15/05, 10/6/05, 2/10/06, 4/17/06, 8/7/06, and 2/2/07. Final
technical reports were provided as follows:

e 6/30/04: Final report on intensive sediment sampling

e 1/13/05: Final report on 2000-2001 dataset :

e 7/27/05: Final report on dissolved oxygen in the Squamscott and Lamprey rivers

e 3/16/07: Final report on 2002-2005 dataset
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UNH Coastal Observing Center

Awardee: UNH Coastal Observing Center

Funding Source: NOAA Coastal Services Center

Funding Source Contact: Geno Olmi: phone (843) 740-1230, geno.olmi@noaa.gov -
Project Period: 2002 — July 2007

Total Project Period Cost: $11,620,060

Achievement of Technical Success: The Coastal Ocean Observing Center at UNH has
developed and implemented a system for monitoring the oceanic and estuarine ecosystem in the
western Gulf of Maine. This monitoring system has the capability to detect changes in the
ecosystem across multiple physical and trophic levels, and will enable researchers to understand,
and ultimately forecast changes in the ecosystem. The system is designed to serve the
information needs of fisheries and coastal resource managers, educators, and scientists. Data
gathered with this system are establishing a multi-year description of the ecosystem which is not
only useful to scientists, educators, and resource managers today, but will prove an invaluable
reference point for researchers in the future.

Since its establishment in 2002, the Center has achieved national and regional prominence for its
-achievements in several areas. These include our unique and invaluable time series being
generated by our monitoring program, the use of technologically advanced sensors on both buoys
and sampling cruises, the development of award winning educational materials and tools, and
connection to user communities through presentations, displays, news media, and publications.
One of the automated sampling systems we use is a state-of-the-art buoy placed in the Great Bay
between April 28 and November 30, 2005, and May 12 and December 1, 2006. Developed
specifically for use in near-coastal environments, the buoy utilizes new chemical and optical
sensors and wireless telemetry to monitor water properties such as turbidity, inorganic nutrients,
dissolved organic carbon, chlorophyll, and other substances. Data from the buoy are transmitted
hourly to our data management system, WebCOAST. Data are publicly available and presented
in the context of historical data dating back to 1973. The buoy was in place to measure record
low salinities associated with rainfall events in October 2005 and May 2006, gathering important
data on the resulting changes in Great Bay water chemistry. This buoy is a prototype for future
coastal buoys that will monitor water quality in estuaries:

Fulfillment of reporting requirements: NOAA requires semiannual progress reports and the most
recent of these can be found at the documentation page of the Coastal Observing Center website

http://www.cooa.unh.edu/documentation.isp.
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Environmental Results Past Performance

Nationa] Estuary Program Annual Assistance Agreements to the NHEP

(Grant information provided in previous section)

Fulfillment of Environmental Results Reporting: Every three years, the NHEP produces a
Progress Report, which documents the completion status for each of the action plans in the
NHEP Management Plan. The NHEP uses this report to identify priority action plans. In
addition, the NHEP has developed a set of environmental indicators to track environmental
results in the estuary. The indicators are presented every three years in a State of the Estuaries
report (NHEP, 2006) and associated technical reports (available at http://www.nhep.unh.edw/
programs/environmental-monitoring.htm). The indicators document the status and trends for
water quality, shellfish resources, critical species and habitats, and land use in the study area.
Finally, as described in the previous section, the annual workplans submitted by the NHEP to
EPA document achievement of objectives and goals set in the previous year’s work plan.

National Coastal Assessment

(Grant information provided in previous section)

Fulfillment of Environmental Results Reporting: In accordance with the QAPP, DES conducted
quality assurance reviews of the data before submitting the data to EPA. The quality assurance
review included a comparison of the actual data collected to the annual workplan. DES
documented the quality assurance review in memos to EPA for the 2002, 2003, 2004, and 2005
datasets (dated 4/12/05, 6/11/04, 6/30/05, and 6/30/06, respectively). In addition, DES conducted
an annual quality assurance self-assessment of the program as part of the DES Quality
Management Program.

UNH Coastal Observing Center, specifically the Great Bay Coastal Buoy Support

(Grant information provided in previous section)

Fulfillment of Environmental Results Reporting: Progress reports submitted to NOAA contain
details of successes in the development, deployment, operations and maintenance of the buoy in
Great Bay. In addition, presentations at international scientific meetings have focused on the
buoy design, data visualization, and most recently on the operations and maintenance as well as
the quality assurance and control process. The most recent presentation at the American Society
of Limnology and Oceanography Aquatic Sciences 2007 conference can be found at
http://www.cooa.unh.edu/presentations/Gregory Poster ASLO 07 4.pdf. Additional
information can is available at the UNH Coastal Observing Center’s website spec1ﬁcally the
documentation and buoy websites.

http://www.cooa.unh.edu/buoydata/buoy.isp

http://www.cooa.unh.edu/documentation.jsp

Intergovernmental Review

The NHEP has submitted this grant application to the Single Point of Contact (SPOC) for NH
(Mark Toussaint, OEP, mark.toussaint@nh.gov) in compliance with the requirements for the
Intergovernmental Review process.
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